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Preface 


The  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES);  the  Direc¬ 
torate  of  Military  Pmgrams,  Headquarters.  U.S.  Army  Corps  of  Engineers 
(HQUSACE);  and  the  U.S.  Army  Environmental  Center  (AEC;  formerly  the 
U.S.  Army  Toxic  and  Hazardous  Materials  Agency)  cosponsored  the  workshop 
that  resulted  in  this  report.  The  workshop,  held  in  Denver.  CO,  on  30  March- 
I  April  1992,  included  a  technical  lour  of  Installation  Restoration  (IR)  activi¬ 
ties  at  the  RiKky  Mountain  Arsenal  (RMA).  USACE  gratefully  acknowledges 
the  support  of  the  Commander,  RMA,  and  his  staff  throughout  the  course  of 
this  work.shop. 

The  workshop  objectives  were  to  determine  the  following;  (a)  the  extent 
and  specific  nature  of  groundwater  flow  and  contaminant  transport  models  in 
Army  hazardous  and  toxic  waste  site  remediation  woi>.;  (b)  requirements  for 
enhanced  transfer  of  groundwater  modeling  tcchnr.  ^gy  within  the  Army;  and 
(c)  needed  research  and  development  in  groundwater  modeling  systems.  As  in 
-iny  short-duration  workshop  of  pmctilioners,  the  focus  of  the  individuals 
attending  was  on  how  to  improve  the  state  of  practice  and  do  the  most  pro¬ 
fessional  job  possible.  The  attendees  concentrated  on  making  things  better, 
and  not  much  time  was  spent  on  recognizing  what  is  already  being  done  well. 
Thus  the  tone  of  the  meeting  and  of  this  repor',  which  attempts  to  be  faithful 
to  what  tfHik  place  at  the  workshop,  Iciivcs  the  reader  with  an  incomplete  and 
perhaps  biased  picture.  Problems  were  identified  but  no  time  was  taken  to 
celebrate  succc.sscs. 

The  report  of  the  workshop  was  written  by  Mr.  Ira  May  of  AEC; 

Ms.  Tomiann  McDaniel  of  HOUSACE,  and  Drs.  P.  F.  Hadala  .".nd  D.  K. 

Butler.  Geotechnical  Laboratory,  WES;  J.  Cullinanc,  Environmental  Labe>ra- 
tory,  WES;  and  i.  P.  Holland,  Hydraulics  Laboratory,  WES.  In  addition  to 
these  individuals,  the  following  contributed  to  the  planning  and  organization  of 
the  workshop;  Mr.  Tony  Dardeau,  Ms.  Cheryl  Lloyd,  Dr.  Paul  R.  Schroeder, 
Mr.  Mark  E.  Z,ippi,  Mr.  Christian  J.  McGrath,  and  Dr.  Carlos  Ruiz,  Environ¬ 
mental  Laboratory;  and  Ms.  Dorothy  L.  Staer  and  Dr.  James  H.  May, 
Geotechnical  Liboratory. 

The  workshop  was  conducted  as  a  part  of  the  Installation  Restoration 
Research  Program  under  HQUSACE-sponsored  RDTE  Work  Unit  Ground- 
water  Mixlel  A.sscs.sment  AF25-GW-(KK)1.  The  prcconfercnce  questionnaire 
and  its  analysis  were  .sponstared  by  the  Directorate  of  Military  Programs.  The 
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AEC  technical  monitor  was  Mr.  Ira  May;  the  USAGE  technical  monitor  was 
Ms.  Tomiann  McDaniel. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  was  COL  Leonard  G.  Hassell,  EN. 


Summary 


The  findings  of  this  investigation  are  based  upon  two  major  activities:  a 
groundwater  model  users  needs  questionnaire  sent  from  the  U.S.  Army  Engi¬ 
neer  Waterways  Experiment  Station  (WES)  to  the  Cbrps  of  Engineers  ele¬ 
ments,  certain  installations  and  the  U.S.  Army  Environmental  Center 
(USAEC)  major  elements  involved  in  the  Army's  environmental  restoration 
programs  in  February  1992;  and  a  workshop  sponsored  by  WES;  the  Director¬ 
ate  of  Military  Programs,  Headquarters,  US  Army  Corps  of  Engineers;  and 
USAEC  on  30  March-1  April  1992  in  Denver,  CO.  Of  interest  is  that 
although  the  responders  to  the  questionnaire  and  the  attendees  at  the  workshop 
were  not  identical,  the  outcomes  of  both  exercises  were  quite  similar.  This 
summary,  which  reviews  the  results  of  the  questionnaire  and  the  workshop,  is 
divided  into  two  areas:  summary  of  the  activities  and  recommendations  for 
future  research  and  development  needs  for  the  US  Army  Corps  of  Engineers. 

The  questionnaire  was  developed  to  solicit  Army  needs  for,  use  of,  and 
experience  with  groundwater  Dow  and  contaminant  transport  modeling  tools  in 
support  of  contaminated  site  characterization  and  remediation.  Responses  were 
received  from  77  individuals  representing  installations,  USAEC,  and  17  dif¬ 
ferent  Q>rps  of  Engineers  districts  and  divisions.  These  responses  suggested 
the  following: 

a.  The  primary  contaminants  of  concern  at  Army  study  sites  are  organic 
soIvcnLs,  petroleum  hydrocarbons,  and  explosives.  Heavy  metals  were 
also  cited  as  a  concern  at  many  sites. 

b.  Limited  in-house  Army  expertise  is  avaiKable  in  groundwater  modeling. 

c.  A  dramatic  increase  in  the  amount  of  groundwater  modeling  is  expected 
in  the  next  S  years. 

d.  Training  and  guidance  in  (he  use,  applic.ibility,  and  limitations  of 
groundwater  models  were  almost  univcrs:illy  stressed. 

e.  In-house  technical  as.sistance  in  the  Army  is  needed,  although  the  exact 
form  of  that  assistance  was  not  recommended. 

The  workshop  gathered  together  the  individuals  involved  in  the  use  of 
groundwater  models  in  support  of  Army  environmental  programs.  Major 


objcclivcs  of  the  workshop  were  to  determine  the  extent  and  specific  nature  of 
the  use  of  groundwater  (low  and  contaminant  transport  models  in  hazardous 
and  toxic  waste  site  identification  and  remediation  efforts:  and  to  pixwidc 
Army  researchers  with  user  recommendations  for  required  research  and  dcvel* 
opment  in  groundwater  modeling  systems.  Ninety  individuals  attended  the 
workshop,  representing  USAEC  various  Corps  of  Engineers  offices,  universi¬ 
ties,  consultants,  and  other  Federal  government  entities.  The  workshop 
participants  suggested  the  following  (though  not  ncce.ssarily  in  order  of 
importmcc): 

a.  Cbmplc.xity  of  the  modeling  effort  .should  be  a  reflection  of  the 
aimplexity  of  the  problem  and  the  objective  of  the  modeling  effort. 

h.  The  absence  of  adequate  data  for  modeling  is  not  a  good  reason  for 
refusing  to  attempt  the  modeling  prinress.  Adequate  data  that  arc  needed 
for  a  model  are  generally  also  needed  to  define  the  problem  and  the 
geologic  system  being  studied.  The  need  for  mixJcling  and  the  data  to 
support  the  modeling  effort  should  be  b.ased  on  the  degree  ki  which  the 
modeling  effort  can  improve  the  ability  to  make  decisions  about  the 
pn^jcct. 

c.  Groundwater  modeling  is  the  best  possible  mechanism  to  synthesize  and 
analyze  large  amounts  of  geologic,  geochemical,  and  hydrogeologic  data 
available,  and  therefore  should  be  used  throughout  the  remedial 
invcstigation/feasibility  study  process.  A  state-of-the-art  modeling-based 
.approach  to  the  site  chamcicrization  and  cleanup  will  result  in  predict¬ 
able  and  dc'creased  remediation  costs  and  verifiable  results. 

d.  In-house  institutional  knowledge  is  essential.  The  Army  needs  an 
in-house  capability  to  evaluate  and  assess  groundwater  model  results  and 
their  uses,  and  to  provide  technical  .assistance  ka  individual  practitioners. 

e.  Training  and  guidance  in  the  use  of  gnaundwatcr  models  is  the  users' 
most  pressing  need.  This  guidance  is  needed  for  all  levels  of  potential 
model  users,  from  the  field  level  practitioners  to  upper  level 
management. 

/  Gcostatistics  represents  the  best  methodology  currently  available  to 
rationally  account  for  uncertainty  and  getalogic  heterogeneity. 

g.  Many  problems  with  groundwater  modeling  studies  arc  not  technical  in 
nature,  but  rather  involve  initial  constraints,  miscommunications, 
regulatory  requirements,  etc. 

h.  A  formal  mechanism  is  needed  to  provide  technology  transfer  to  the 
practitioners  in  tiic  field.  These  mechanisms  could  include  future 
workshops  newsletters,  etc. 
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(.  Many  gixad  mixlcling  .studies  have  been  conducted  during  the  course  of 
the  Army  environmental  restoration  program.  The  state  of  practice  of 


Amy  modeling  is,  in  general,  the  same  as  that  in  all  Superfund  related 
work.  However,  the  state  of  practice  is  not  close  to  the  stale  of  the  art 
in  groundwater  modeling  in  academia  and  Federal  research  and 
development  agencies. 

Research  and  development  needs  as  identified  by  the  workshop  and  the 
questionnaire  (again,  in  no  particular  order  of  importance)  included  the 
following: 

a.  Optimization  methods  for  design  of  remedial  actions  need  development 
and  should  employ  sensitivity  analysis  of  site  parameters. 

b.  Better  understanding  of  contaminant  transport  mechanisms  and  proc¬ 
esses.  especially  of  Amy  specific  compounds,  is  needed  in  order  to 
improve  modeling  capabilities. 

c.  Procedures  for  parameter  sensitivity  analyses  and  for  understanding  and 
quantifying  uncertainties  need  to  be  developed. 

d.  New  procedures  to  make  use  of  fundamental  geology  in  site 
conceptualization  are  needed. 

e.  Research  needs  to  be  conducted  in  multiphase  flow  in  groundwater 
systems,  in  the  vadose  zone,  and  in  fractured  systems,  and  in  flow  in 
frozen  soils. 

/  Capability  needs  to  be  increased  to  evaluate  a  variety  of  transport 
processes  including  diffusion,  sorption,  biodegradation,  etc. 

g.  Existing  models  need  to  be  improved,  with  orientation  toward  input 
requirements  and  output  displays.  Graphical  User  Interfaces  should  be 
developed  for  the  models. 

h.  Interfaces  between  groundwater  models  and  geographic  information 
sy.sicms  and  environmental  databa.scs  arc  needed. 


1  Introduction 


Background 

The  U.S.  Anny  has  significam  lesponsibilities  and  numerous  actions 
•jnderway  to  deHne  the  extent  of  and  then  remediate  groundwater  contamina¬ 
tion  by  hazardous,  toxic,  and  radiological  wastes  in  its  (a)  Installation  Restora¬ 
tion  (IR)  Program,  (b)  Fbraierly  Used  Defense  Sites  (FUDS)  Program,  (c)  Base 
Realignment  and  Qosure  (BRAC)  process,  (d)  Superfund  woric  undertaken  in 
support  of  the  U.S.  Environmental  Protection  Agency  (EPA).  and  (e)  incidental 
support  to  some  Qvil  Works  (CW)  projects. 

The  scope  of  the  groundwater  contamination  problem  is  large  and  the 
contaminants  presem  are  numerous  (see  Appendix  A).  There  are  97  Depart¬ 
ment  of  Defense  (DOD)  sites  on  the  EPA's  National  Priorities  List  (NPL). 

The  top  ten  of  the  Army's  NPL  sites  have  contaminated  groundwater  as  their 
major  problem.*  TTie  estimated  cost  of  groundwater  cleanup  is  $2-$6  billion. 
The  Army's  focus  is  contaminated  site  cleanup  as  a  means  of  reducing  the  risk 
of  harm  to  human  health  and  the  environment  Grourxlwater  modeling  is  used 
by  the  Army  as  a  tool  to  help  meet  this  goal  by  helping  to  reduce  remediation 
cost,  increase  its  speed,  and  assess  potential  risks. 

The  correction  of  a  groundwater  contamination  problem  begins  with  its 
definition.  This  definition  process  is  called  site  characterization  or.  more  com¬ 
monly.  remedial  investigation  (RI).  as  shown  in  Figure  1.  With  respect  to 
grourtdwater.  the  objectives  of  an  RI  are  to  define  the  sources  and  cunmt  state 
of  contamination,  and  predict  the  future  movement  of  and  changes  in  the  con¬ 
tamination.  especially  off  installation.  The  direction,  rate  of  movemenL  and 
concentration  of  contaminants  are  largely  controlled  by  the  direction  and  rate 
of  movement  c*'  the  groundwater,  which  is.  in  turn,  largely  controlled  by  the 
regional  and  site  geologic  pronies.  the  regional  h*'drology.  the  biochemistry  of 
the  aquifer,  and  the  inherent  chemical  makeup  of  the  contaminant(s).  Much 
effort  is  expended  in  the  RI  phase  on  geologic  reconnaissance,  geologic  map¬ 
ping,  borings,  geophysics,  observation  wells,  water  quality  sampling  wells,  dau 
collection,  and  chemical  and  dau  anaiyv^s  to  understand  the  subsurface  condl- 
tioru  and  model  conceptually  (and  oftentimes  numerically)  the  flow  of 
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Figure  1.  installation  Restoration  Program 


gmundwnicr  al  a  site.  Groundwater  flow  and  transport  nuxkling  is  used  to 
;i.VNcss  the  risk  of  future  contaminant  arrival  at  critical  liKations  under  known 
or  postulated  hydrologic  conditions. 

The  feasibility  study  (FS)  phase  crimpares  proposed  contaminant  contain¬ 
ment  and  remediation  alternatives  for  effectiveness,  timctines.s,  cost,  and  reli¬ 
ability.  Since  all  of  these  are  possible  future  events  prediction  is  required;  and 
prediction  of  effectiveness  as  a  function  of  time  inherently  requires  modeling 
of  groundwater  flow  and  contaminant  transport  in  one  fashion  or  another.  In 
the  implementation  or  remediation  phase,  the  design  of  the  remediation 
requires  evaluation  of  the  effectiveness  of  a  variety  of  physical  treatments 
(liners,  slurry  walls,  caps  pumping  scenartos,  etc.)  and  biochemical  treatment 
options.  Groundwater  modeling  can  a.ssist  with  these  determinations.  During 
the  operational  phas,.,  time-dependent  owner-controlled  activities  such  as  rates 
and  durations  of  pumping  and  evaluations  of  data  taken  to  a.sscss  effectiveness 
of  remedial  mca.surcs  can  benefit  from  groundwater  modeling  to  predict,  albeit 
imperfectly,  the  course  of  future  events  should  certain  alternatives  be  adopted. 


Purpose 

The  U  S  Army  Engineer  Waterways  Experiment  Station  (WES),  in  con¬ 
junction  with  the  Directorate  of  Military  Programs,  Headquarters,  US  Army 
Corps  of  Engineers,  and  the  U.S.  Army  EnvironmcnUal  Center  (USAEQ,  spon- 
st'rcd  a  workshop  on  31  March- 1  April  1^2  in  Denver,  CO.  to  determine  the 
following;  (aj  the  extent  and  specific  nature  of  use  of  groundwater  flow  and 
contaminant  transport  models  in  Army  ha/artkrus  and  toxic  waste  site 
remediation  work;  (b)  requirements  for  enhanced  transfer  of  modeling 
technology  to  Army  users;  and  (c)  user  recommendations  for  research  and 
development  in  groundwater  modeling  systems.  As  the  title  of  this  report  and 
the  workshop  indicates,  the  sponsors  were  interested  in  determining  future 
needs  in  order  to  identify  deficiencies  and  the  research  to  overcome  them.  The 
workshi'p  succeeded  in  this  purp<isc,  and  as  subsequent  parts  will  indicate,  also 
defined  a  need  for  immediate  significant  technology  transfer  effort  to  bring  the 
current  state  of  practice  closer  to  the  current  stile  of  the  art. 


Scope  and  Format 

This  report  is  intended  to  be  a  record  of  the  workshop.  This  record  is 
backed  up  by  a  nearly  verbatim  transcript  taken  by  a  court  reporter  and  copies 
of  all  Vugraphs  and  slides  presented,  which  arc  on  file  al  WES.  Abstracts  of 
all  presentations  arc  included  in  Appendix  A.  The  workshop  was  organized  so 
th.it  the  experts  from  Government  agencies,  .academia,  and  industry  and  users 
.It  I’SAEC,  U.S.  Army  Engineer  districts,  and  Army  instillations  held  the  flinir 
lor  most  of  the  meeting.  The  Corps  ol  Engineers  research  and  development 
l.iboralories  concerned  (i.e.,  WES  and  Cold  Regions  Research  and  Engineering 
Liboratory  )  were  represented  but  were  primarily  in  a  listening  and  f.acilitator 
cap.acily.  The  workshop  was  deliberately  planned  as  a  users  meeting.  The 
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;igcnJ.i  i'f  the  meeting  i>  gi\cn  in  Appendix  B.  In  the  first  session,  after  an 
overview  of  the  subiwt  and  purposes  by  rcprcscnUiiives  of  the  sp*insoring 
.igencics.  the  result  of  a  preworksh^xp  survey  (Appendix  C)  on  Army  gr\>und- 
w.itcr  model  um  w.i.,  presented  (Chapter  2  of  this  r  -p'rt). 


In  the  remaining  se-ssions.  lour  panels  discus.sed  the  following  subjevLs: 

Panat 

Topic 

rhaplar  tn 

Thia  Report 

GroundwaMc  Problema.  Uwa  N«*ds  and  MoOel  Uses 

3 

2 

Model  Um  in  Remedial  Invesspalioni 

4 

! 

: 

Mod«»<  U»#  n  P^^m#d'«^on.  Part  1 

5 

,L^ _ 

Usa  tr>  PamadiAtior  Part  2 

6 

E.Tch  panel  had  one  to  three  invitee!  speakers  and  several  other  memhers  repre¬ 
senting  a  mix  of  Army  users  and  non-Army  experts  and  userv  The  panel 
(.1)  divussed  questions  posed  by  a  moderator,  (b)  reacted  to  the  panel  speak¬ 
ers.  and  (c)  lielded  questions  from  the  llixir.  Planning  materials  from  each 
panel  lurnishid  to  each  attendee,  given  in  Appendix  D.  better  describe  the 
sei'pc  of  the  panel's  activities  and  list  the  panel  members. 

Rixky  Mountain  Arsenal  (RMA)  sponsored  a  field  trip  for  workshop  atten¬ 
dees  to  their  installation  where  the  scope  of  their  investigalion  and  remediation 
of  groundw.iier  contamination  was  presented  and  the  workshop  attendees  saw 
pump  and  treat  operations  in  action. 

Ninety  individuals  of  which  wt  were  Corps  of  Engineers  employees, 
participated  in  the  workshop.  The  complete  list  of  attendees  is  given  in 
.Appendix  E. 
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2  Summary  of  Responses  to 
Questionnaire  on  Army 
Use  of  Groundwater 
Models 


In  cariy  February  1992  a  questionnaire  (Appendix  C)  was  developed  at 
WES  that  solicited  information  on  Army  use  of  and  experience  with  ground¬ 
water  flow  and  contaminant  transport  nuxlcling  tools  in  support  of  contami¬ 
nated  site  characicri/ation  and  remediation.  The  questionnaire  al.so  sought  user 
input  on  the  icscarch  and  development  requirements  for  future  model  devclop- 
mcnL  The  questionnaire  was  mailed  to  22  Corps  of  Engineers  district  and/or 
division  offices,  generally  .to  specific  individuals  designated  by  Directorate  of 
Military  Programs,  Headquarters,  US  Army  Corps  of  Engineers,  personnel. 
Forty-seven  responses  from  17  Corps  of  Engineers  offices  were  received. 
Responses  were  obtained  from  28  users  at  USAEC  representing  seven  USAEC 
elements,  and  from  two  Army  installations  (Aberdeen  Proving  Grounds,  MD, 
and  Fort  Richardson,  AK).  While  only  two  installations  were  polled  directly, 
USAEC  rcprcscnUitivcs  provided  input  for  all  other  known  u-ses  of  ground¬ 
water  models  at  Army  installations.  Thus,  it  is  believed  that  a  significant 
majority  of  potential  Army  groundwater  model  users  doing  modeling  in  sup¬ 
port  of  contaminated  site  cleanups  received  quc.stionnaircs. 


Analysis  of  Questionnaire  Responses 

An  analysis  of  the  questionnaire  responses  is  presented  in  the  following 
paragraphs.  The  results  of  this  analysis  are  presented  in  the  forms  of  graphs, 
tables,  and  simple  statistics  (such  as  percentages)  for  each  question  posed. 
This  (kKument  seeks  to  present  a  snapshot  of  where  the  Army  finds  itself 
relative  to  groundwater  modeling  at  this  time. 

This  part  of  the  report  is  arranged  by  section  for  each  survey  quc.stion. 
Following  these  sections,  additional  analysis  of  the  global  survey  is  provided, 
along  with  a  summary. 
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Qucstioa  1.  What  perccBtaic  of  the  hoardoin  and  toxic  wastes 
(HTW)  problcau  yoo  are  eacooateriBii  at  nilitary  or  SopcrfliBd  sites  is 
associated  with 

_ Petroleum  Hydrocarboos 

_ Organic  Solvent  Liquids 

_ Explosives 

_ Metals 

_ Other  (please  spcciiy) _ 

The  responses  to  this  question  are  given  in  Figure  2,  with  an  overall  response 
(Figure  2a),  and  a  breakdown  for  the  Corps  and  USAEOinstallation  responses 
(Figures  2b  and  2c,  respectively).  The  designation  of  "high,"  "medium,"  or 
"low"  was  developed  based  on  these  criteria; 

a.  High:  response  greater  than  33  percent 

b.  Medium:  response  between  10  percent  and  33  percent 

c.  Low:  response  less  than  10  percent 

As  shown,  the  Army  is  most  strongly  concerned  about  hydrocarbons, 
organic  solvents,  and  explosives  cleanup.  A  concern  with  metals  appears  to  be 
grtiwing  as  well,  given  the  elevated  "medium*  vote  cast  for  this  class  of  con¬ 
tainment  The  "other"  category  contained  several  things  including  pesticides, 
polychlorinated  biphenyls  (PCB's),  radkmuclides,  and  herbicides.  Note  also 
that  other  than  a  slight  change  of  order  of  priority,  very  little  difference  was 
found  between  the  Corps  responses  (Figure  2b)  and  the  USAEC/installation 
responses  (Figure  2c). 

Question  2.  For  the  sites  referred  to  above,  how  many  of  them  are,  or 
are  projected  to  be,  involved  with  the  cleanup  of  contaminated  ground- 
water  resources  for  both  saturated  and  unsaturated  conditions? _ ^(mili¬ 
tary)  _ ^(Superfhnd)  Hhat  percentage  of  the  total  number  of  your  HTW 

sites  is  this  number?  _ ^(military) _ ^(Superfund)  The  rcsptmscs  to  this 

question  were  very  difficult  to  analyze  due  to  relative  in(X>mplctcncss  of  the 
responses.  Of  the  information  that  could  be  analyzed,  over  60  percent  of  the 
respondents  said  their  HTW  sites  had  arnlaminatcd  gmundwatcr  as  a  principal 
concern,  with  military  and  Superfund  sites  both  receiving  significant  represen¬ 
tation.  This  number,  however,  is  probably  low.  Qimmunicatkrn  with  multiple 
USAEC  personnel  and  several  Corps  offices  indicated  that  over  8S  percent  of 
ill  Army  Rl  sites  investigated  to  date  have  groundwater  contamination  as  a 
point  of  prime  concern  (given  that  a  concern  is  registered  at  all). 

Question  3.  How  many  of  your  groundwater-related  cleanup  studies 
(over  the  bst  ten  years)  contained,  or  are  projected  (over  the  next  Hve 
years)  to  contain,  a  groundwater  modeling  effort?  __  If  this  number  Ls 
zero,  skip  to  Question  10.  Respondents  listed  127  groundwater  modeling 
studies  that  had  been  conducted  in  the  la.st  U)  years,  or  were  projected  over  the 
next  S  years.  Additional  analysis  of  the  information  provided  in  Table  2  of 
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HYDROCARBONS  EXPLOSIVES 

ORGANIC  SOLVENT  HEAVY  METALS 


OTHER 


a.  All  respondees 


45 


ORGANIC  SOLVENT  HEAVY  METALS 


High  Medium  Low 

b.  Corps  distiicts/divisions 


Figure  2.  Anny  contaminants  (Continued) 
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Figure  2.  (Concluded) 

the  quc.stionnairc  (Appendix  C)  revealed  that  61  of  these  studies  were  ongoing 
or  completed,  with  the  remainder  planned.  Note  also  that  1 1  of  the  respon¬ 
dents  to  the  questionnaire  had  no  ongoing,  completed,  or  planned  groundwater 
modeling  studies  at  this  time.  Six  of  these  rcspi>ndenLs  were  from  USAEC  and 
five  were  from  the  c'orps. 

Question  4.  For  each  groundwater  modeling  study  planned  or  exe¬ 
cuted,  please  provide  the  information  requested  in  the  attached  Table  1. 
Plea.se  reproduce  additional  sheets  as  needed.  (See  Table  1  in  Appendix  C.) 
An  enormous  amount  of  information  was  derived  from  Table  1.  The  analysis 
of  this  information  was  constrained  to  those  icspon.scs  for  which  tltc  model 
studies  wcie  cither  ongoing  or  completed  (based  on  information  provided  in 
Table  2  of  Appendix  C).  This  was  deemed  most  appropriate  given  the  types 
of  information  requested  in  Tables  1  and  2.  As  stated  previously,  this 
amounted  to  analysis  of  61  ongoing/complctcd  studies. 

As  shown  in  Figure  3,  36  of  these  studies  (59.1)  percent)  were  for  military 
installations;  10  (16.4  percent)  were  for  combined  military 'Superfund  sites;  7 
(1 1.5  pea'cn*.)  were  for  Superfund  sites;  6  (9.8  percent)  were  FUDS;  and  2 
(3.3  percent)  were  of  the  "other"  category  (1  civil  works  project  and  I  "no 
response"). 

Figure  4  provides  the  m^rdcls  employed  for  the  ongoing/complctcd  model 
studies.  The  model  cited  with  the  greatest  number  of  applications  is  the 
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Other  (3.3%)- 
FUDS(9.8%K^ 


Supeffund(11.5%)- 


MiKSuperfund  (16.4%)- 


•Mailary(59.0%) 


51  Compieted  Studies 
10  Ongoing  Studies 


Figure  3.  Distribution  of  sites  with  completed/ongoing  modeling  studies 


Figure  4.  Number  of  uses  of  cited  models  in  Army  groundwater  cleanups 
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MODFLOW  model,  with  24  of  (>1  total  responses.  This  is  of  little  surprise, 
given  that  the  model  is  currently  among  the  best  models  available  that  is 
executable  on  multiple  (personal  computer  to  supercomputer)  computing 
platforms. 

A.S  shown  in  Figure  .S,  most  of  (he  Army's  model  studies  to  date  have  been 
twodimensional  (2D)  or  three-dimensional  (3D).  These  studies  have  been  for 
Nith  steady-state  and  transient  conditions  (Figure  6)  in  generally  saturated 
environments  (Figure  7).  This  latter  point  is  of  importance  because,  to  date, 
most  of  the  cletinup  concerns  requiring  modeling  have  been  related  to  whether 
or  how  fast  a  contaminant  will  travel  through  the  saturated  zone  to  a  domestic 
water  supply  (given  present  or  possible  future  hydrologic  conditions)  as  part  of 
a  risk  assessment.  This  also  explains  the  multidimensionality  of  a  significant 
majinity  of  studie.s.  given  the  basic  hcterogcnei^us  nature  of  the  soil  matrix  and 
the  potential  for  movement  along  multiple  a.xes. 

Figure  8  provides  responses  for  the  phases  of  study  during  which  the  Army 
has  conducted  the  ongoing/completcd  groundwater  modeling.  Note  that  the 
majority  of  these  modeling  efforts  have  been  conducted  in  as.sociation  with  RI, 
followed  by  remedial  treatment,  design/operation  (RE),  and  FS. 

As  illu.stratcd  in  Figure  9,  the  majority  of  ongoing/completed  groundwater 
model  studies  have  entailed  the  execution  of  both  flow  and  transport  models 
(in  cither  a  coupled  or  uncoupled  mode).  Forty-two  of  the  61  rc.spondcnts  gave 
this  response,  followed  by  18  "flow-only"  responses.  The.se  results  point 
toward  the  often  nonconscrvativc*  nature  of  the  contaminants  simulated 
numerically  in  Army-.sponsored  studies,  which  require  the  more  rigorous 
modeling  as.sociatcd  with  transp<^rt  simulation.  However,  most  of  the 
18  studies  citing  "(low-only"  rc.sponscs  listed  a  variety  of  nonconservative 
contaminants  as  those  of  concern  in  connection  with  the  modeling.  This  is, 
hopefully,  an  artitact  of  the  requirement  often  cxprcs.sed  by  regulatory  agencies 
that  the  Army  simulate  "worst  case"  condilion.s.  Thc.se  conditions  usually 
entail  simulation  of  flow  only  as  an  cxprc.s.sion  of  amservative'  contaminants 
that  neither  iag  behind  the  How  of  water,  become  attached  to  or  trapped  by 
soil  particles,  nor  biodegrade.  This  achieves,  in  theory,  the  strongest  contami¬ 
nant  concentration  that  reaches  a  location  of  concern  the  fastest.  If  this  result 
is  not  an  artifact  of  regulatory  conservatism,  it  represents  a  misunderstanding 
of  the  kinetics  of  the  contaminants  being  modeled.  Note,  also,  that  this  result 
again  piunLs  toward  the  idea  that  the  majority  of  Army  modeling  has  probably 
been  in  supptirt  of  a  risk  analysis,  with  the  use  of  modeling  as  part  of  a 
remedial  design  being  a  secondary  factor  (as  shown  in  Figure  8). 

Figure  10  provides  one  last  snapshot  of  the  modeling  the  Army  is  doing. 

As  shown,  the  Army  has  been  simulating  a  number  of  amtaminant  cla.sscs. 
most  notably  solvents.  The  lack  of  modeling  emphasis  on  explosives  and 
hydrocarbons  is  in  contrast  with  the  prevalence  of  these  materials  in 


*  Conscrvaiivc  contAtninxnls  arc  biochemically  nonrcaclivc.  Nonconscrvativc  onniaminanis 
are  chemically  and/nr  biologically  reactive. 


10 


Chapter  2  Summary  of  Rasponsas  to  Ouastionnaire  on  Army  Uaa  of  Groundwater  Models 


Figure  S.  Cited  dimensionality  of  model  applications 


Figure  6.  Steady-state  versus  transient  applications 
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Figure  7.  Type  of  application  cited;  saturated  or  unsaturated  conditions 


Figure  8.  Phase  of  study  employing  grourKiwater  models 
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No  Response  (1 .6%)-\ 


Flow+Transport  (68.9%) 


Flow  Only  (29.5%) 


61  Studies 


Figure  9.  Row  or  flow  and  transport  modeled  for  ongoing/complete  studies 
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groundwater  at  Army  installations  shown  in  Figure  2.  Alternatively,  the  result 
most  likely  represents  a  lack  of  experience  or  confidence  with  the  modeling  of 
explosives  and  hydrocarbon  transport  by  either  the  Army,  its  contractors,  the 
regulatory  agencies,  or  all  three. 

A  final  piece  of  information  requested  in  Table  1  had  to  do  with  the  types 
of  computing  hardware  on  which  groundwater  models  were  being  run.  A 
significant  majority  of  those  who  did  respond  to  this  question  listed  the  per¬ 
sonal  computer  environment  as  the  one  they  were  currently  operating  within. 

Question  5.  For  each  groundwater  modeling  study  listed  in  Table  1, 
please  provide  the  information  requested  in  the  attached  Table  2  on  a 
sheet  per  study  basis.  Please  reproduce  additional  sheets  as  needed.  (See 
Appendix  C  for  additional  detail.)  Figure  11  shows  that,  of  the  61  studies 
listed  as  ongoing  or  cumpleted,  only  about  one-half  of  them  were  felt  to  be 
successful.  The  remaining  studies  were  listed  a:,  a  combination  of  marginal, 
unsucc  isful,  and  no-response.  Approximately  80  percent  of  these  61  studies 
were  ontracted.  Figure  12  shows  the  lelationship  among  successful,  unsuc¬ 
cessful,  and  marginal  studies  and  whether  said  studies  were  contracted,  done 
in-house,  or  done  as  a  combination  of  the  two.  As  shown  in  the  figure,  there 
is  no  bias  associated  with  who  does  the  studies;  all  study  agents  succeed  or  fail 
with  equal  ease. 

Figure  13  provides  some  insight  into  why  respondents  thought  their  model¬ 
ing  studies  were  marginal  or  unsuccessful.  Eieven  of  39  respondents 
(28.2  percent)  listed  poor  or  incomplete  site  cbaracteri/ation  as  the  prime  rea¬ 
son  for  less-than-successful  modeling  applications.  The  additional  answers  arc 
notewortOy  as  well.  Seven  respondents  said  that  technical  gaps  in  the  state  of 
modeling  precluded  their  successful  use  in  their  applications.  Five  responses 
listed  poor  study  documentation  as  proof  of  a  marginal  or  unsuccessful  smdy. 
Coupled  with  four  responses  each  that  listed  a  lack  of  contractor  expertise  and 
a  lack  of  in-house  analysis  expertise  as  prime  contributors  to  lessened  study 
success,  this  strongly  suggests  the  need  for  inacased  in-house  expertise 
(through  training,  technical  assistance,  and  hiring).  Such  expertise  should 
greatly  reduce  the  likelihood  of  poor  contractor  selection,  and  would  improve 
study  monitorship  through  heightened  technical  interaction,  statement  of 
in-house  expectation  of  contractor  products,  and  in-house  review  of  contractor 
results. 

Question  6.  Are  groundwater  models  overly  expensive  or  diiTkult  to 
use  for  your  applications?  _  IT  tbe  answer  is  no,  please  continue  to 
Question  7.  If  tbe  answer  is  yes,  please  check  the  following  that  supports 
your  answer: 


Models  typically  require  more  cost  or  effort  than  the 
information  gained  from  them  L  worth. 

User  manuals  or  other  instructions  for  rising  the  individual 
models  are  inaccurate,  incomplete,  and/or  out  of  date. 
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Number  of  Occurrences  Reported 


Figure  1 1 .  Evaluation  of  relative  success  of  ongoing  or  completed  studies 


Figure  12.  Relative  success  of  modeling  as  a  funaion  of  who  performs 
the  modeling 
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Too  much  lahor  and/or  time  is  required  to  compile  the  Held 
data  needed  to  deOne  the  problem  to  be  modeled. 

Too  much  lahor  and  lime  is  required  to  pul  results  of 
model  analyses  in  a  Form  that  is  useful  for  making 
engineering  decisions. 

Other;  please  explain.  _ 


There  were  a  lolal  tif  47  resp»*nscs  to  this  question;  their  distribution  is  given 
in  Figure  14.  Re.spondenls  were  split  on  this  question. 

As  shown  in  Figure  15,  those  responding  yes  to  Question  h  felt  that  the 
eosLs  of  getting  the  data  required  to  exixute  a  gn>undwaler  model  elleetively 
were  excessive  This  is  of  xjme  concern  because  the  sime  data  required  U> 
execute  a  model  are.  in  general,  those  required  to  conduct  a  thon'ugh  site 
characterization.  Additu'nal  respondents  cited  the  ellort  to  conduct  the  model¬ 
ing  as  a  contributing  reason  for  their  answer.  Presumably,  the  intensity  ol  this 
clfort.  including  data  collevtion.  parameter  eslimatu'n,  model  calibration,  and 
analysis  was  deemed  too  high  by  the  respondents.  When  coupled  with  con¬ 
cerns  aNiut  analysis  costs,  be  they  asvKiated  with  time  or  l.iN>r  us,ige.  oi 
concerns  about  poor  model  diKumentation,  the  reasons  respondents  thought 
gmundwater  models  were  Uhi  dillH'ult  or  u«i  expensive  to  operate  suggest  a 
few  ide.is;  (a)  the  time  model  users  have  in  the  Rl  FS  priness  to  conduct  any 
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Figure  14.  Are  groundwater  models  too  ditttcutt  or  expensive  to  use? 


Other 


Anatysis  Costs 


Data  Costs 


Poor  Manuals 


Modeling  Effort 


0123456789  10 


Figure  1 5.  Reasons  why  groundwater  models  are  lelt  to  be  too  difficuH/expensivc 
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tTHHlcl  Mudio.  whether  claNvralc  or  simple,  is  short;  (b)  the  groups  presently 
doing  site  eharacteri/ation  consider  data  collectMin  to  support  numerical  models 

be  lUiLsidc  the  scope  ol  data  they  normally  collect  Uir  adequate  site  con- 
ceptu.ili/atK'n;  and  (cl  the  dilliculties  present  users  have  in  implementing 
ithkIcIs.  as  exemplilied  bv  mi'del  din  umentation  concerns,  when  coupled  with 
the  other  two  ci'ncerns.  may  be  great  enough  to  diseourage  more  extensive  use 
ol  groundwater  models  in  the  Army. 

It  IS  interesting  that  nearly  one-third  ol  the  respondents  to  Question  b  gave 
no  respiinse  to  the  question.  An  analysis  ol  the  overall  questionnaire  re-sponscs 
from  this  group  is  shown  in  Figure  lb.  Ali  of  the  respondents  in  this  gnmp 
cited,  in  one  way  or  another  (i.c.,  the  group  had  only  five  ongoing  or  com¬ 
pleted  studies,  and  these  were  all  e»mtracted|,  a  lack  of  in- hou.se  groundwater 
modeling  experience  as  the  piim.irv  reav>n  lor  their  l.ick  of  respt'nse  to  Ques¬ 
tion  h  As  w  ill  be  discussed  in  a  later  section,  th.s  linding  is  extremely 
impi'rt.int  because  t'l  its  potential  impact  on  luture  studies,  and  on  the  quality 
of  in-house  review  of  future  contractor  studies. 


Question  7.  Was  your  answer  to  Question  6  based  on  your  own  expe¬ 
rience,  diseusskms  with  eontmetors  «r  both?  _  Continuing  w  ith 

ex.imin.ition  ol  the  experience  base  ol  the  Army  modeling  community,  the  . 
results  to  Question  7  .ire  priwided  in  Figure  17.  The  "minimal  experience" 
group  (that  IS.  the  group  that  gave  no  respimse  to  Question  h)  h.is  been  dis¬ 
cussed  in  the  priveding  paragraph.  Now  the  three  other  groups  listed  in 
f  igure  17  will  be  ex.imined. 

In  .in  elforl  to  an.ily/e  the  Figure  17  responses  a  set  of  criteria  werc 
est.iblished  rel.ilive  to  the  overall  experience  b.ise  ol  Army  minlel  users. 
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Figure  17.  Experience  basis  for  answer  to  question  on  model  expense/difficulty 


Required  in  this  annlysis  was  that  the  respondent  have  ongoing  or  completed 
modeling  studies  rather  than  just  phnned  studies  alone.  This  resulted  in  the 
si/c  of  the  "e.xpericnced"  group  being  reduced  fn>m  32  (those  answering  yes  or 
no  to  Question  6)  to  21.  Any  trends  in  responses  based  on  the  rcsp<tndcnt*s 
answer  to  Question  7  were  then  investigated.  Analy.sis  of  an  additional  vari¬ 
able,  whether  the  model  studies  to  date  have  been  done  in-house,  by  contract, 
or  as  a  combination  of  both,  failed  to  produce  any  obvious  trends. 

Nine  "experienced"  Army  modelers  said  that  gnrundwater  models  were 
overly  difficult  or  overly  expensive  to  use  (Question  6).  Twelve  said  no.  Qf 
the  "yes"  gn>up.  all  cited  their  own  experience,  or  a  txrmbination  ol  their  own 
and  contractors’,  as  the  basis  for  their  response  to  Question  6.  Qne  of  the 
"no’s"  cited  their  own  experience;  the  remaining  1 1  cited  a  ci^mbination  of 
their  own  and  contractors’,  or  just  contmetors’,  as  their  experience  basis. 

Now  return  tv>  the  group  of  32  original  respondents  to  Question  7,  removing 
for  a  moment  the  experience  criterion.  Analyzing  thc,sc  data  further,  of  the 
nine  rcsp^mdenis  who  listed  the  basis  for  their  answer  to  Question  6  as  their 
own  experience,  seven  said  that  models  were  overly  difficult  or  overly  expen¬ 
sive  to  use.  One  siiid  no,  and  one  had  no  rcspe>nsc  to  Question  ft.  Eight  of  the 
nine  in  this  group  were  listed  among  the  "experienced"  modelers  as  discussed 
in  this  section.  Conversely,  of  thv  six  miHlelers  who  listed  contractor  experi¬ 
ence  as  their  basis  lor  answering  Question  ft,  all  six  responded  that  models 
were  not  overly  difficult  or  expensive  to  use.  This  group  had  only  seven  stud¬ 
ies  planned  or  executed  among  the  six  of  them,  and  four  of  the  six  were  listed 
among  the  "experienced"  group. 
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Finally,  17  respondents  to  Question  7  listed  both  ci>ntrsctor  and  in-house 
experience  as  the  basis  for  their  answer  to  Question  6.  Ten  of  the  17  said  that 
iiH^dels  were  not  overly  difficult  or  expensive  to  use. 

From  this  analysis,  it  would  appear  that  those  modelers  having  in-house 
experience  in  modeling  generally  thought  that  groundwater  models  were  overly 
difficult  or  expensive  to  ase.  Further,  those  thinking  the  converse  were 
generally  using  stxicly  contractor,  or  a  combination  of  their  awn  and  contractor, 
experience  to  justify  their  answer.  While  this  is  a  hit  of  a  mixed  bag,  the 
result  docs  again  suppxxrt  the  need  for  additional  in-hou.sc  training  and 
expertise  in  groundwater  modeling  kxxls.  It  is  obvious  that  the  level  of  Army 
in-house  experience  is  greatly  impacting  the  answers  given  to  Question  6. 

Que.stioa  8.  la  your  experience,  are  groundwater  models  comprehen¬ 
sive  enough  to  account  for  the  major  details  of  real  field  problems?  _ 

Alternatively,  do  you  believe  your  organization  generally  collects  data  sets 
comprehensive  enough  for  groundwater  model  use?  _  Figure  18  illus¬ 

trates  the  responses  to  this  question.  Again,  there  is  no  clear  trend  in  these 
answers.  It  is  interesting  (hat  eight  of  ten  Corps  district/division  respondents 
to  this  question  said  models  were  comprehensive  enough;  two-thirds  of 
USAEC  respondents  said  no.  The  responses  to  the  data  set  question  were 


Figure  18.  Are  groundwater  models  and  data  sets  comprehensive  enough? 
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mixed.  Additk^nally,  12  'experienced*  modelers  said  models  were  comprehen¬ 
sive  enough;  eight  said  no  (one  did  not  respond).  It  is  not  clear  what  this 
trend  suggests.  It  is  entirely  possible  that  many  of  the  questions  the  Army  is 
currently  lacing,  especially  in  Corps  district/division  office-s  can  be  answered 
with  better  packaging  of  existing  technology.  However,  the  results  also 
suggest  that  the  need  is  rccogni/cd  by  a  si/cable  portion  of  the  user 
community  for  imprtwements  to  both  models  and  data  gathering  techniques. 

Question  9.  Rank  the  following  items  hy  a.s.signing  them  a  High  (H), 
Medium  (M),  or  Low  (L)  importance  in  making  groundwater  models  more 
useful  tools  for  your  site  applications.  Note  that  the  abbreviation  for  each 
item  appears  at  the  end  of  said  item. 

_  soRware  for  personal  computers  (PCs)  or  work  stations 

with  a  graphical  user  interface  that  enables  easier  input  of 
data  to  groundwater  models  (PCGUl) 

_  software  for  PCs  or  work  stations  with  a  gmphicni  user 

interface  to  aid  in  visualizing  groundwater  model  results 
(PC  Visuals) 

_  software  that  would  aid  in  extracting  information  from 

model  results  in  the  form  of  tables  and  plots  similar  to 
those  now  used  to  evaluate  field  data  (Extraction) 

__  interfaces  that  would  couple  groundwater  models  to  CAOD 
and  CIS  .software  (Interfaces) 

_  a  data  base  of  typical  geophysical  and  biochemical  param¬ 
eter  values  for  specific  soil  types  and  contaminants  (Par. 
Dba.se) 

_  a  data  base  that  would  provide  citations  to  pertinent 

published  information  on  groundwater  models  (Cit.  Dbase) 

_  a  probabilistic  modeling  capability  that  includes  mea.sures 

of  uncertainty  in  geologic  conditions  aid  in  parameter 
estimation,  and  theoretical  limits  of  modeling  reliability 
(Prob.  Model) 

_  guidance  on  the  use  and  limitations  of  existing  groundwater 

models  for  site  characterization,  feasibility  studies  and 
remediation  operation  (Guidance) 

__  an  expert  system  to  aid  users  in  the  selection  of  appropriate 
groundwater  models.  The  system  would  also  provide  users 
with  recommendations  for  model  parameter  selection 
(Expert  Sys.) 
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groundwalcr  modciiiiR  jtystems  that  have  remedial  allema* 
lives  inleKrated  fully  within  their  flow  and  transport 
models  (Rem.  Sim.) 


_  Army-wide  standardised  groundwater  modeling  tools  that 

have  obtained  EPA  approval  for  use  (Std.  Mod.) 

_  Army  techniral  support  personnel  to  assist  in  model  choice 

and  application  (Tech  Supp.) 

The  results  of  ihis  question  .ire  given  in  Figure  19.  The  trends  in  these  results 
aguin  illustrate  the  users*  desires  for  improved  methods  for  the  use  of  existing 
models  as  illustrated  by  the  high  marks  for  pervmal  computer-based  graphical 
user  interlaces  for  existing  models,  and  by  the  call  for  visual! Aition  and 
guidance  on  model  use.  From  these  three  items,  a  second  group,  made  up  of 
extraction  methods,  expert  systems,  pmbabilistic  models,  general  interfaces  to 
a  Geographic  Information  System  (CIS),  and  standardized  modeling  tools,  was 
bunched  together  in  importance.  These  items  point  toward  a  c'ombination  of 
development  for  existing  tools  and  the  creation  of  new  research  pmducLs. 

Army  technical  support,  integrated  remediation  simulation  Uxils,  parametric 
daub.'i.ses.  and  a  citation  database  were  the  les.ser  desired  products  of  those 
mentioned  in  the  survey,  in  that  order.  It  is  interesting  that  the  Army  technical 
support  item  scored  below  the  median  line  for  all  items  in  contrast  to  the 
general  tone  of  re.sponscs  to  questions  elsewhere  in  the  que.stionnairc,  which 
were  quite  positive  on  this  point.  Additionally,  it  may  be  possible  that  the 
ordering  of  all  but  the  three  items  in  the  highest  grouping  reflecus,  again,  the 
level  of  experience  of  the  users  at  this  time.  The  resptinses  may  more  accu¬ 
rately  reflect  the  field's  overriding  desires  to  do  better  with  existing  tools  than 
any  f<Kuscd  priority  for  the  development  of  improved  tools. 

Question  10.  If  you  are  not  using  groundwater  models  for  your 
groundwater  cleanup  studies,  please  indicate  why  (check  each  (hat  is 
appropriate): 


Generally  insulTicient  time  for  model  usage  within  normal 
project  schedules 

Insufficient  ftinding  or  time  to  learn  the  use  in-house  of 
most  groundwater  models 

Insufficient  in-house  manpower  to  apply  groundwater 
models 

InsufRcient  time  to  contract  groundwater  modeling  efforts 

InsufOcient  Ainds  to  pay  for  contracted  modeling  efforts 

Current  groundwater  models  have  insuflicient  levels  of 
credibility  for  decision  making 
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Typically  an  insudicicnl  amount  of  site  data  exists  to 
warrant  groundwater  model  use 

No  groundwater  modeling  was  deemed  necessary.  Please 
explain  the  rationale  for  this  decision _ 


Other;  please  explain. 


The  most  frequent  responses  for  this  question  are  given  in  Figure  20.  Inade¬ 
quate  site  data  was  the  reason  for  not  using  modeling  in  remediation  and  site 
characterization  studies.  This  is  quite  disconcerting,  for  it  seems  a  complete 
site  characterization  or  remediation  scheme  design  would,  in  general,  require 
the  siime  data,  or  nearly  so,  as  a  modeling  investigation. 


Not  Yet  Ready  {7.6%)-\ 
No  Modetng  Necessaiy  ( 1 0  6%] 


Inadequate  S<te  Data  (24.2%)- 


Poor  Model  Credtoility  (9  1  •«] 

66  Total  Responses 


rme  in  Sdwdtie  (182%) 


— No  Reaouom  lo  Laam  (152%) 


No  Manpower  (7.6%) 
No  Tune/Furrfs  lo  Contract  (76%) 


Figure  20.  Reasons  for  groundwater  model  nonuse 


The  remaining  re.sptmscs  illustrated  in  Figure  2t)  can  be  divided  into  two 
basic  groups:  (a)  "Our  schedules  are  so  tight  that  we  do  not  have  the  lime, 
manpower,  or  funds  lo  do  an  adequate  job  of  modeling";  and  (b)  "We  are  not 
ready  for  modeling  yet,  or  modeling  is  not  re.ady  for  us."  The  lack  of  in-house 
experience  discus.sed  in  many  previous  sections  again  comes  into  play  in  lhc.se 
answers.  However,  a  second  concern  appears.  Several  respondents  seem  lo  be 
saying  that  the  site  characterization/remediation  priKC.ss  itself,  either  through 
regulatory  or  Army  rigidity,  docs  not  provide  for  ample  time  lo  do  a 
concerted,  complete  modeling  study.  One  must  wonder,  if  this  is  indeed  the 
case,  how  a  concerted,  complete  site  characterization  or  remediation  design  is 
effected. 
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Question  11.  Would  you  employ  models  more  oAen  irthe  items  above 

in  Question  9  were  available?  _ If  the  answer  is  yes,  please  be  sure  you 

ranked  the  items  in  Question  9.  Of  the  47  responses  to  this  question,  19  said 
yes.  IS  gave  no  response,  and  13  said  no.  This  leads  one  to  ask  what  these 
results  really  suggest,  given  the  distribution  of  the  responses.  The  intent  of  the 
question  was  to  asecriain  if  the  conduct  of  the  rescarcb  and  development 
discus.scd  in  Question  9  would  induce  more  effective  use  of  groundwater 
modeling  Ux>ls.  Taken  at  face  value,  it  appears  that  some  of  the  respondents 
to  Question  1 1  would  not  make  more  effective  use  of  groundwater  models 
regardless  of  the  development  proptised.  However,  it  may  be  that  the  question 
was  framed  texr  ambiguously  to  provide  really  usable  results.  For  example, 
some  of  tho.se  answering  no  to  Question  1 1  might  believe  that  they  were  then 
using,  or  hiid  already  planned  to  use,  groundwater  models  effectively  prior  tr 
any  proposed  re.scarch  and  development.  Qn  the  other  hand,  those  answering 
no  could  be  averse  to  groundwater  models  under  any  circumstances.  Given 
the  pl.iusibility  of  each  of  these  postulates,  it  may  be  advisable  to  discount  the 
overall  worth  of  the  resptinses  to  Question  11. 

Question  12.  Do  you  have  any  access  in-house  to  additional  ground- 
water  models  that  are  not  listed  in  Table  1?  [Sec  Appendix  C.]  If  so, 
plea.se  provide  the  names  of  those  models  below  and  whether  they  are  run 
on  personal  computers  (designate  PC  and  class  of  PC;  i.e.,  286,  386,  etc.), 
workstations  (designate  WS  with  workstation  name)  or  mainframes  (M 
with  machine  name): 

MODEL  NAME  COMPUTER 


Ten  models,  or  direct  variations  thc-cof  (usually  associated  with  graphical 
interface  extensions  to  the  original  model),  were  listed.  The  MODFLOW 
model  (McDonald  and  Harbaugh  1984)  led  the  way  by  far,  followed  by 
PLASM  (Pricketl  and  Umnquist  1971),  RANDOMWALK  (Prickelt,  Naymik, 
and  Lonnquist  1981),  and  SUTRA  (Voss  1984).  Several  additional  models 
were  mentioned  in  individual  responses.  None  of  the  in-house  models  were 
being  housed  on  a  supercomputer  by  the  Army  user  community.  In  fact,  all  of 
the  respondents  stated  that  their  models  were  operating  on  personal  computers 
or  worksUitions  except  two.  who  listed  VAX  hardware  as  their  computing 
platform.  The  models  listed,  and  the  computing  platforms  mentioned,  arc  very 
imp<vrtant  in  that  they  indicate  a  general  requirement  for  personal  computer 
modeling  tixils  in  the  near  future.  The  questions  of  what  level  of  personal 
computer  on  which  to  conduct  development  (i.e.,  286,  386,  486),  and  what 
level  of  development  is  appropriate  given  the  changing  hardware  world  will 
require  additional  review  and  discussion  between  Army  model  users  and 
developers.  However,  there  can  be  no  question  that  the  current  computing 
platform  of  choice  of  the  Army  user  community  is  the  pcrstinal  computer. 
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Question  13.  When  evaluating  groundwater  modeling  proposals  pre¬ 
sented  by  contractors,  which  of  the  fediowing  is  generally  the  deckling 
factor  in  contractor  selection?  (Check  one  please) 

_  Quality  of  proposal  based  on  in-house  technical  review 

_  Quality  of  proposal  based  on  external  technical  review. 

Who  generally  conducts  this  review?  _________ 

_  Known  reputation  of  contractor 

_  Other,  please  explain _ 


Thirty-six  responses  were  provided  to  this  question  as  shown  in  Figure  21. 

The  importance  of  this  question,  and  the  next  one,  is  tied  directly  to  the  level 
of  in-house  experience  the  Army  has  in  groundwater  modeling.  Recall  that 
80  percent  of  all  ongoing  or  completed  Army  groundwater  model  studies  have 
been  contracted.  Further,  recall  that  one-third  of  respondents  to  this 


Figure  21.  Methods  used  in  evaluation  of  contractors’  proposals  for  modeling 


questionnaire  have  said  that  they  feel  they  lack  he  experience  to  comment  on 
whether  groundwater  models  are  overly  expensive  or  difficult  to  use.  With 
that,  note  that  of  the  people  who  responded  to  Question  13,  over  three-fourths 
said  they  arnduct  in-house  review  only  in  the  assessment  of  contractors’ 
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proposals.  Note  also  that  6  of  36  respirndcnts  said  they  go  primarily  on  con¬ 
tractors’  reputations  when  assessing  the  worth  of  contractors’  proposals. 

Question  14.  When  groundwater  modeling  results  arc  presented,  which 
of  the  roiiowing  is  generally  the  primary  means  of  assessing  the  reliability 
of  those  results?  (Check  one  please) 

_  In-house  technical  review 

_  External  technical  review.  Who  generally  conducts  this 

review?  _ 


Other;  please  explain 


The  results  of  responses  to  Question  14  are  shown  in  Figure  22.  Note  that 
in-house  review  is  used  almost  exclusively  to  evaluate  groundwater  modeling 
results.  Coupled  with  the  results  trom  Question  13,  and  recalling  the  overall 
experience  level  of  Army  modelers,  it  is  imperative  that  steps  be  taken  quickly 
to  improve  in-house  groundwater  modeling  expertise.  The  ramifications  of 
these  results  relative  to  the  quality  control  of  contractors’  studies  are 
unquantifiable  from  the  results  of  this  questionnaire. 


Figure  22.  Methods  used  in  review  of  groundwater  modeling  results 


Chapter  2  Summary  of  Raaponaes  to  Quasliormaira  on  Army  Use  ol  GreurtoMraler  Modata 


Question  15.  Please  provide  any  additional  comments  you  have 
including  your  projected  future  needs  for  groundwater  models. 


A  variety  of  comments  were  provided  in  this  section.  The  most  common 
response  was  an  explanation  for  the  rcsp<^>ndents’  failure  to  complete  the 
questionnaire.  The  usual  reason  for  this  failure,  or  reticence,  was  a  cited  lack 
of  modeling  expertise  required  to  complete  the  text 

Question  16.  Please  provide  (reproductions  or  originals)  of  either  cover 
pages  or  references  to  any  contractor  and  in>house  reports  dealing  with 
the  modeling  of  groundwater  How  and/or  transport  at  Army  sites.  Refer¬ 
ence  materials  were  provided  by  several  respondents.  The.se  materials  arc 
being  u.sed  in-hou.se. 


Summary 

In  early  February  1992  WES  developed  a  questionnaire  that  seilicited  Army 
use  of  and  experience  with  groundwater  How  and  contaminant  transpi>rt  model¬ 
ing  Uxils  in  support  of  contaminated  site  characterization  and  remediation.  The 
questionnaire  also  .sought  user  input  on  the  research  and  development  require¬ 
ments  for  future  model  development  The  questionnaire  was  mailed  to 
22  Oirps  district  and/or  division  offices.  Forty-.seven  (47)  responses  from 
17  Girps  offices  were  received.  Additionally,  questionnaire  responses  were 
obtained  from  28  users  at  USAEC.  representing  seven  USAEC  elements,  and 
from  two  Army  instillations  (Aberdeen  Proving  Grounds,  Maryland,  and 
Fort  Richardson,  AK).  While  only  two  in.stillations  were  pt>llcd  directly, 
USAEC  representatives  provided  input  for  all  other  known  uses  of  ground- 
water  models  at  Army  installations. 

Thc.se  responses  were  analyzed  for  trends  and  content  as  presented  in  this 
Chapter.  From  these  analyses,  cerUiin  points  h.ave  appeared: 

a.  The  Army  is  presently  inve.stigating  organic  seilvents,  hydriKarbons,  and 
explosives  as  their  primary  contaminants  of  concern.  Heavy  metils 
were  listed  as  of  medium  concern. 

h.  The  Army  is  performing  modeling  primarily  for  military  instillation 
restoration,  followed  by  Superfund  .activities. 

c.  Army  groundwater  model  users  have  limited  in-hou.se  experience  in 
modeling.  To  date,  approximately  80  percent  of  all  ongoing  or 
completed  modeling  efforts  have  been  contracted.  Several  questionnaire 
respondents  expressed  a  lack  of  sufficient  modeling  experience  to 
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complete  the  questionnaire.  There  are  organizations  within  the  Army, 
however,  that  have  acquired  significant  levels  of  modeling  experience. 


d.  A  sizeable  portion  of  the  experience  base  employed  by  Army  model 
users  for  decision  making  regarding  modeling  results  is  derived  directly 
from  contractors’  expeiiences  and  comments. 

e.  Users  expect  an  increase  in  requirements  for  groundwater  modeling  over 
the  next  S  years.  Questionnaire  respondents  cited  67  expected  modeling 
studies  in  the  next  5  years,  in  contrast  to  the  61  ongoing  or  completed 
studies  (over  the  last  10  years)  reported. 

/  The  needs  for  all  levels  of  training  and  guidance  on  the  use, 
applicability,  and  limitations  of  groundwater  modeling  tools  were 
stressed  in  users'  responses. 

g.  The  need  to  make  much  improved  use  of  existing  modeling  tools 
Utrough  interface  and  visualization  extensions  to  current  models, 
modification  of  existing  technology,  etc.,  was  stressed  in  users’ 
responses. 

h.  Additional  research  and  development  needs,  ranging  from  probabilistic 
model  development  to  parameter  database  creation,  were  ranked  by 
questionnaire  respondents. 

I.  The  need  for  Army  in-house  technical  assistance  was  suggested  by  the 
overall  tenor  of  u.sers’  responses.  The  form  for  this  assistance  was  not 
recommended  by  users. 

j.  Most  experienced  Army  groundwater  model  users  felt  existing  models 
were  overly  expensive  or  difficult  to  use. 

k.  A  variety  of  rea.sons  for  nonuse  of  groundwater  models  was  reported. 
Chief  among  them  were  inadeouate  site  data  and  resource  limitations 
regarding  model  training,  upkeep,  execution,  and  analysis. 
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3  Panel  1:  Groundwater 
Problems,  Users  Needs 
and  Model  Use 


Objective/Scope  of  Panel 

The  scope  of  this  p.incl  was  to  provide  the  Army  groundwater  mixlel  user 
community  with  the  opportunity  to  present  their  general  insights  into  modeling 
experiences  and  more  imporkintly  their  insights  into  requirements  for  future 
activities.  The  responses  to  the  preworkshop  users  survey  pnrvidc  an  overview 
of  the  user  community's  neeils,  but  the  panel  discussion  was  able  to  amplify 
based  on  individual  experiences  past  Army  efforts  in  the  modeling  arena. 
Susx'csscs  and  failures  of  previous  modeling  efforts  at  IR  sites  were  addressed. 
Suggestions  were  iiffered  on  the  Army  grtrundwaier  modeling  user  ci>m> 
munity's  greatest  needs,  including  their  perception  of  future  research  needs  in 
the  field  of  groundwater  modeling.  Three  stiitenrf-the-art  papers  were 
presented,  and  a  panel  discussion  with  audience  participation  followed.  Panel 
members  and  their  affiliations  follow;  additional  panel  information  is  provided 
in  Appendix  D:  Moderator,  Mr.  Ira  May,  USAF.C;  Mr.  Brian  Anders«>n,  Pro¬ 
gram  Manager,  Rocky  Mountain  Arsenal;  Mr.  Khal  Masoud,  l^S.  Army  Engi¬ 
neer  District,  Baltimore;  Dr.  Fred  Baker.  Baker  and  Ass’.Kiates;  and  Mr.' Sam 
Bass  U  S.  Army  Engineer  Division.  Missouri  River. 


Key  Lessons  from  Papers  Presented 

"Oescription  of  Ground  Water  Modeling  Experience  for  the  RI/FS 
Process  at  the  Rocky  Mountain  Arsenal,"  Brian  Anderson,  Program 
Manager,  Rocky  Mountain  Arsenal 

Risky  Mountain  Arse-nal  (RMA)  is  both  one  of  the  most  eontamin.ited  and 
most  studied  sites  in  the  Army  s  IR  Program  (Figure  23).  Some  of  the  eailiest 
groundwater  model  studies  in  this  country  to  track  and  understand  pollutant 
transport  were  done  by  the  U.S.  Ge«>logical  Survey  (I.ISGS)  in  the  l'^70's  at 
RMA.  Perhaps  the  most  farrufus  was  the  one  by  Konikow  (I*}??)  using 
chloride  as  a  tracer  for  modeling  contaminant  transport.  While  these  early 
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t'.in  be  tirmi'd  i  rude  by  prcscnl  d;iy  sLindurds.  Ihey  helped  provide  an 
understanding  ol  the  hvdrocettlot’v  ol  the  RMA  reiiion.  Since  those  earliest 
nnidelini:  ellotis.  approx iniately  30  models  have  been  applied  at  RMA  lor 
dillerinc  remedial  invesiieation  purposes,  desijjn  and  operation  of  individual 
interim  remedial  aeln’iis.  endaneerinent  and  risk  assessments  and  most 
revenlly  xxaler  ipialilx  manacement. 

M  ueh  ol  ihe  early  modelinc  ellort  at  RMA.  in  hindsight,  was  wasted.  One 
ol  the  m.i|or  rea'«'ns  lor  these  lailures  was  the  use  ol  proprietary  codes  by 
dillerent  orc.ini/alions  The  ciKles  and  models  became  unusible  upon  the 
completion  ol  the  individual  study.  There  is  no  way  of  running  or  updiitmg 
these  particular  models  with  new-  data  or  with  new  scenarios  that  might  have 
dexeh'ped  .liter  the  iiii'del  w.is  complele'd.  Mi'deling  elfi>rLs  were  i>llen  under- 

l. iken  w  ithoui  .m  unde  rst.mding  ol  the  dat.i  reejiiirements  e>l  the  model.  Me>dels 
were  .iKo  dexeloj'ed  wiihenit  a  e  le.ir  cut  e>b|ectixe  lor  Ihe  meideling  elleirt. 

I'm. illy,  there  xx.is  ,i  l.iek  ol  in-he>iise  Army  expertise  and  resemrees  to  under- 
sLind  the  results  eif  indixidual  me>dcls  .ind  hetw  to  use  Ihe  inleirmatiem  from  one 
me>dcling  ellort  tei  guide  either  Ihe  work  being  done  at  RMA  or  the  next 
modeling  elleut. 

Manx  e'l  these  major  ptiibiems  have  been  addressed  by  Ihe  form.'ilion  of  a 
peer  review  bi'.ird  fe'r  gre'undw.iler  modeling  elhuls  at  RMA  This  p.mel  is 

m. ieie  up  ol  Armv  represent, itivcs.  other  governmenl.il  eirgani/atum  representa¬ 
tives.  and  modeling  conlr.ictors  (Ivolh  academic  and  industrial).  Formal 
present. itions  ,ire  rn.ide  before  this  group  on  all  proposils  for  modeling  efforts 
and  Ihe  results  o|  .ill  modeling  ellorts.  This  process  has  been  a  great  help  in 
ensuring  that  I'biectives  arc  clearly  undersUH'd.  relevant  past  ellorLs  are 
considered,  and  the  l.ilesi  modeling  ellort  will  be  uselul  to  the  overall  cleanup 
ol  RM,.\  In  ellecU  this  board,  with  its  blend  ol  stale-ol-thc-art  pers*>nal 
experience,  overcomes  for  this  one  inst.ill.iiion  the  technology  transler  problem 
VI  sKoncIv  expressed  in  the  user  survey.  While  it  is  not  cerUiin  that  such  a 
lorm. if  process  c.in  be  set  up  at  every  installation  doing  groundwater  modeling. 
It  IS  eert.iin  th.it  guid.inee  ol  this  tv  pc  is  desperately  needed  to  ensure  th.it 
modeling  ellorts  ,irc  conducted  elliciently. 


'Overview  of  Major  Remedial  Investigation  Feasibility  Study  Work 
in  Edgewood  Area  of  Aberdeen  Proving  Ground,  MD,  as  Related  to 
Groundwater  Modeling  and  Its  Needs,'  Khal  Masoud,  U.S.  Army 
Engineer  District,  Baltimore 

■Since  1‘J17.  the  IMgewood  Area  ol  Ihe  Aberdeen  Proving  Ground  has  been 
the  prim.iry  chcmic.il  w.irl.ire  research  .ind  development  center  and  .1  chemical 
agenl  production  .ire.i  lor  the  I'niled  Sl.iles  This  long  history  ol  chemical 
production,  rese.irch  .ind  development,  and  dispovil  h.is  led  to  the  design. ition 
of  [-.dgevvisid  ,'\re.i  .is  ,in  M’L  site  with  the  ideiitilic.ition  ol  over 
15fi  potenli.illy  cont.imin  ited  subsius  I'liesc  individii.il  subsites  have  been 
grouped  into  clusters  (irotindw.iler  modeling  ellorts  under  Ihe  direction  ol 
Ihe  I'SCiS  h.ive  been  going  on  since  the  middle  PfSiiN  m  the  ('.in.il  Creek  .ind 
O  Field  .ire. IS  D.it.i  collection  h.is  been  challenging  because  ol  the  large 
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nmount  of  uncxplodcJ  ordnance  (both  chemical  and  conventional)  in  the  study 
areas.  These  special  risks  have  led  to  the  development  ol  remote  drilling  and 
s.impling  techniques,  which,  while  s;ile  for  the  w-orkers.  arc  very  expensive  and 
time-consuming.  Much  effort  in  the  future  is  tii  be  expended  on  developing 
less  expensive  daUi  collcxtion  alternatives  to  the  present  methodologies. 

To  date,  the  maiorily  of  the  groundvifater  modeling  efforts  have  been  con¬ 
ducted  by  the  HSGS  using  the  USGS  MODFLOW  model.  This  three- 
dimensional  model  has  been  used  to  model  a  two-.iquiler  .system  with 
N>undary  conditions  for  the  rivers  and  the  Chesapeake  Bay,  which  ring  the 
site.  This  and  future  modeling  efforts  have  the  objectives  of  (a)  characterizing 
the  contaminant  plumes;  (b)  determining  migration  pathways  to  potential 
rcfeplor  populations;  and  (c)  simulating  remediation  .activities.  Modeling 
throughout  the  course  of  the  field  data  collection  efforts  has  proven  fruitful, 
especially  th.at  done  e.irly  in  the  process,  in  determining  data  requirements  and 
study  needs.  These  el  torts  h  ive  led  to  the  conclusion  that  there  is  a  need  to 
further  use  and  integrate  .state-of-the-arl  geostitistical  and  probability  hxtis  in 
the  prtKes.s.  They  w  ill  help  in  reducing  the  uncertainties  in  understanding  the 
hydrogcadogical  parameters  that  arc  critical  lor  reliable  groundwater  modeling 
and  arc,  of  course,  the  hardest  dati  to  gather  reliably. 


"Development  of  Groundwater  Modeling  Objectives  and 
Performance  Criteria,"  Dr.  Fred  G.  Baker,  Baker  Consultants 

A  common  problem  with  modeling  elforts  seems  to  be  the  failure  of  the 
model  to  meet  the  expeetativms  of  the  end  user.  This  failure  can  be  traced  to 
sever.il  causes  which  often  lead  to  the  end  user  feeling  uncomfort.ible  and 
burned  by  the  modeling  pnKcs.s.  The  major  causes  of  this  disippointment  arc 
(.1)  communication  failures  between  the  end  user  and  the  modeler;  (b)  a 
misunderst.-inding  of  the  problem  th.it  the  model  is  bc’ing  created  to  address; 
■ind  (c)  a  lack  of  undcrst.inding  of  the  modeling  objevtives  or  the  project 
ohiectixes  in  gener.il.  Therelore  in  m.iny  w.iys,  the  most  imporUint  .activity  of 
.iny  modeling  el  fort  is  the  establishment  of  modeling  criteria  and  objestives 
(Figure  24).  The  first  step  involves  establishing  project  objectives  and 
ev. limiting  modeling  needs.  This  step  is  basically  a  go.no-go  decision  on  the 
modeling  effort  .and  in  gener.il  delines  the  required  level  of  modeling  sophisti- 
c.ation.  Alter  the  modeling  need  is  e.stablished,  the  .'fiecific  project  modeling 
obiectives  .are  determined.  These  objectives  should  include  a  definition  of  the 
m.ijor  attributes  or  assumptions  being  made  about  the  hydrogcarlogic  system, 
the  calibration  criteri.i  th.it  wall  be  used  to  ev.iluate  the  model  at  the  end  of  the 
ellort.  and  most  import.antly  the  expected  limiLitions  of  the  modeling  effort. 


Selected  Questions  and  Answers 

Question  from  Dr.  Paul  Hadala,  WES,  to  Brian  Anderson  and  the 
Panel 


"Dik's  your  peer  review  p.inel  linik  at  just  the  pi. ins  for  groundwater 
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Figure  24,  Key  elements  of  the  grourKfwater  modeling  process 


models?  Or  diK-s  the  p.inel  aiM>  liHik  at  the  modeling  results?"  Mr.  Anderson 
resp^mded  that  the  peer  review  panel  kxiked  at  the  mixleling  etforl  at  all 
stiges.  from  sUrt  to  finish.  This  answer  started  a  panel  discussion  as  to  the 
avail.ibility  and  praetieality  of  peer  review  panels  at  every  installation  for  every 
proposed  groundwater  nnxJel.  Mr.  Anderstrn  respi>pded  that  historically  RMA 
had  never  had  the  internal  resources  to  really  identify  what  their  true  objectives 
were.  Gn)undwater  modeling  w.is  understood  internally  as  a  Und,  but  not 
undersUH>d  as  to  what  the  UhiI  was  aeeomplishing.  Because  of  this  lack  of 
internal  guid.inee  and  understan  '!  of  the  modeling  priKcss.  the  results  were 
often  unsiitisfaetory.  Often  RMA  had  difficulties  in  just  writing  a  got>d  con¬ 
tract  for  modeling  efforts.  Therefore  without  gtnrd  in-hirusc  modeling  under- 
stinding  or  guidance,  a  peer  review  panel  from  outside  the  Army  was  the  best 
possible  mechani.sm  for  RMA.  It  would  not  neeess;irily  be  the  best  for  other 
installations  or  situations. 


Question  from  Or.  Robert  Oswald,  Headquarters,  U.S.  Army  Corps 
of  Engineers,  to  Panel 

"It  has  been  stated  that  a  groundwater  model  would  be  useful  from  the 
beginning  of  the  investigation  priKcss.  II  this  is  so.  can  1  u.se  the  same  model 
throughout  the  entire  priKcss.  through  the  feasibility  study  and  remedial 
design?  Or  do  the  changing  conditions  .and  level  of  data  make  that  impos¬ 
sible?"  Mr.  Anderson  answered  that  this  was  very  difficult,  especially  because 
of  the  lack  of  in-house  understanding  of  the  modeling  prcKCs.ses,  and  that  the 
lack  of  institutional  knowledge  made  such  a  long-term  approach  practically 
impossible.  However,  he  further  suggested  that  if  proprietary  codes  were 
avoided,  perhaps  a  Corps  laboratory  or  the  USGS  would  be  in  the  positmn  to 
help  the  insUillation  make  such  long-term  institutional  arrangements  pos.siblc. 
He  rcemphasi/ed  a  point  made  by  several  panelists  that  mv>deling  had  to  be 
liHiked  at  as  an  iterative  process  and  that  only  institutional  knowledge  would 
prevent  modelers  from  ei'nstantly  reinventing  the  wheel. 


Question  from  Dr.  Oswald  to  Panel 

"Have  any  of  the  models  predicted  the  end  of  the  necessity  of  remedial 
actions  at  RMA?"  Mr.  Anderson  responded  that  the  models  predicted  very 
long  time  neriiKls,  but  that  the  early  predictions  had  predicted  quicker  clean¬ 
ups.  This  led  to  a  general  panel  discussion  of  the  changing  technology  of 
groundwater  modeling  in  the  last  1.5  years  and  if  it  was  appropriate  to  compare 
recent  predictions  with  predictions  made  10  or  15  years  ago.  The  p.inel  also 
dis».us.scd  that  it  was  hard  to  go  back  .ind  Uxik  at  5-  or  IH-year-old  modeling 
efforts,  both  because  of  changing  technologies  and  because  org.ini/ations  rarely 
want  to  ItMik  at  those  older  predictions.  Org.ini/.itions  would  rather  move 
.ihe.id,  and  it  h.is  been  difficult  to  get  resources  for  post-mortem  type  studies. 
However,  the  panel  .agreed  Ih.it  modeling  studies  and  cudes  needed  to  be 
archived  to  allow  such  retrospective  looks,  and  that  much  could  be  learned 
Irom  post-mortem  studies  of  p.ist  modeling  ellorts. 
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Question  from  Dr.  Steve  Grant,  Cold  Regions  Research  and 
Engineering  Laboratory,  to  Panel 

The  survey  of  end  users  idenlified  that  there  was  a  large  cost  armpi^nent 
in  developing  the  daUi  necessary  to  run  a  go<xl  gri>undwater  model  and  that 
this  was  a  major  impediment.  If  this  is  the  case,  should  research  efforts  be 
placed  on  developing  models  that  require  less  data?"  Ira  May,  USAEC, 
responded  that  from  his  perspective  that  would  he  an  inappropriate  use  of 
research  rest'urces  as  he  felt  that  the  data  needed  to  construct  a  good  ground¬ 
water  model  were  uata  on  the  parameters  necessary  to  have  any  understanding 
of  gn^undwater  flow.  After  all  a  b  id  model  is  far  worse  than  no  mcxlel  at  all. 
The  problem  was  not  the  types  o.'  data  needed  for  models,  but  rather  that  these 
types  of  data  were  not  routinely  gathered  at  all  sites.  While  these  data  can 
ofte.i  be  expensive  to  coliect,  knowledge  of  these  parameters  is  necessary  with 
or  without  mathematical  groundwater  im^deling.  He  suggested  that  re.search 
efforts  would  be  better  spent  on  better  data  collection  technology  for  these 
parameters  than  on  trying  to  make  groundwater  models  run  with  less  data. 

This  led  to  a  general  panel  di.scu.ssion  on  research  needs  to  better  understand 
the  chemistry  and  physics  of  the  subsurface,  the  transport  of  particular  organic 
chemicals,  and  aquifer  properties. 


Comment  from  Sam  Bass,  U.S.  Army  Engineer  Division,  Missouri 
River 

"One  of  the  reasons  we  got  together  was  to  gather  the  end  users  together  to 
give  advice  to  the  R«&D  community  im  what  the  users  need.  It  appears  u>  me 
that  a  majority  of  the  users  are  reporting  that  models  arc  Ux)  expensive  and  Ux> 
difficult  The  users  did  not  identify  a  need  for  additional  or  new  computer 
codes,  rather  help  in  using  and  understanding  the  existing  codes.  Wc  do  not 
need  to  .spend  our  time  and  money  developing  new  codes  to  reflect  subsurface 
conditions;  rather  wc  need  to  spend  that  time  on  learning  the  existing  UX)ls  and 
trying  to  get  training  on  undcrsUinding  the  application  of  those  UxMs." 

Mr.  Baker  backed  up  that  idea  that  what  was  required  was  better  application  of 
the  existing  models  and  the  better  understanding  of  the  proper  utilization  of 
those  Uxils.  Since  much  of  the  proper  usage  of  models  has  to  do  with  the 
integration  of  the  existing  data  from  a  site  to  a  coherent  form,  cixikbtxiks  on 
how  to  apply  a  model  arc  imptrssible  to  write  effectively.  That  judgment 
comes  through  experience  and  training,  and  there  is  no  reasonable  alternative 
that. 


Summary 

The  panel  di.scus.scd  the  specific  models  and  installations  that  had  been 
pre.scntcd  during  the  short  papers.  The  exchange  of  les.stins  learned  and 
cxpefienccs  between  installation  pnqccts  proved  quite  valuable  to  many  users 
in  the  audience.  S<ime  of  the  general  ideas  shared  include  the  following; 
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a.  Inadequate  data  for  modeling  is  not  an  adequate  excuse.  The  data  will 
be  needed  to  define  the  problem,  not  just  the  model. 

h.  Complexity  of  the  modeling  effort  should  be  a  reflection  of  the 
complexity  of  the  problem. 

c.  Model  capabilities  and  modeling  efforts  should  never  drive  project 
objectives. 

d.  An  established  group  of  people  to  develop  institutional  knowledge  of  a 
site  and  to  peer-review  modeling  efforts  is  a  good  idea. 

e.  The  competitive  contracting  system  creates  problems  for  long-temt 
modeling  efforts.  The  only  solution  is  in-house  institutional  knowledge 
of  the  program  and  of  modeling  processes. 

/.  The  calibration  process  should  not  involve  simply  manipulating  the 
hydrogeologic  parameters  to  match  the  observations.  Calibration  should 
be  more  scientifically  based  by  improving  if  possible  the  site  conceptual 
model  and  understanding. 

g.  Future  modeling  should  include  optimization  methods  for  design  and 
should  employ  sensitivity  analyses  on  site  parameters  prior  to  model 
application. 

h.  Save  all  previous  models  and  data  at  a  site.  They  will  be  useful  for 
long-term  comparisons  as  model  capabilities  and  site  characterization 
improve.  More  post-mortem  analyses  are  needed  as  much  can  be 
learned  from  such  studies. 

1.  Do  not  use  proprietary  codes. 

j.  Most  problems  with  modeling  efforts  are  miscommunication  and 
misapplication. 

k.  Training  in  the  use  of  and  understanding  of  existing  models  is  the  users’ 
most  pressing  need. 
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4  Panel  2:  Model  Use  in 
Remedial  Investigations 
(Rl) 


Background 

The  RI  aspects  of  the  overall  RI/FS  process  at  hazardous,  toxic,  and 
radiological  waste  (HTRW)  sites  involve  Held  and  laboratory  studies  com¬ 
monly  referred  to  as  site  characterization  or  site  assessment  Rl  activities  are 
inherently  interdisciplinary,  involving  geology,  hydrogeology,  geophysics,  and 
contaminant  geochemistry.  Groundwater  modeling  is  or  should  be  used  before, 
during,  and  after  the  RI  activities. 


Objective/Scope  of  Panel 

The  Panel  2  presentations  and  discussion  addressed  a  subject  area  that  is 
commonly  recognized  as  the  most  important  and  yet  most  difficult  problem 
encountered  in  a  groundwater  modeling  effort;  defining  the  problem  to  be 
modeled.  While  the  previous  statement  is  true,  it  may  contribute  to  a  miscon¬ 
ception  that  views  groundwater  modeling  as  a  separate  entity  from  the  RI 
activities.  The  primary  purpose  of  the  RI  is  to  dcHne  a  site,  in  terms  of 
geology,  hydrogeology,  contaminant  sources,  and  contaminant  transport  pro¬ 
cesses  and  properties,  to  the  extent  necessary  to  support  FS  and  remediation 
activities.  Groundwater  modeling  plays  an  important  role  in  the  FS  and 
remediation  activities  by  evaluating  remediation  alternatives  and  assessing 
remediation  effectiveness.  However,  groundwater  modeling  can  also  play  a 
key  role  in  conceptualizing  site  processes  and  planning  the  RI.  Groundwater 
modeling  during  the  RI  is  effectively  used  to  enhance  understanding  of  the  site 
during  data  acquisition  and  to  modify  the  RI  strategy  to  more  effectively 
address  data  gaps  and  uncertainties.  Panel  2  emphasized  the  synergism 
between  groundwater  modeling  and  the  RI  process.  This  motleling/RI 
synergism  is  suggested  in  Figure  25,  where  a  feedback  loop,  which  includes 
groundwater  modeling,  remains  active  until  remediation  decisions  can  be  made 
with  "acceptable  risk." 
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‘Contaminant  Hydrogeology.  From  Field  Investig^ion  to  Remedial  Design:  A  Strategy  for  Decision- 
Making,"  by  P.  A.  Domenico,  R,  A.  Freeze,  F.  W.  Schwartz,  and  L.  Smith 


Anionj!  numerical  jiroundwatcr  modeling  concerns  arc  uncertainties  related 
to  the  validity  ol  the  delining  equations,  accuracy  ol  the  numerical  approxima¬ 
tions  to  the  delining  equations,  and  accuracy  of  the  compuUitional  algorithms. 
However,  accuracy  and  uncertainty  related  to  numerical  groundwater  modeling 
are  at  lea.^t  .second  order  in  significance  when  compared  to  uncertainties  related 
to  definition  I'f  the  geologic  model,  hydri>get)U)gic  model,  and  contaminant 
transport  processes.  Although  the  numerical  mirdels  require  definition  of 
properties  at  all  points  in  the  domain  of  the  model  (the  subsurface),  this  can 
never  be  achieved  in  practice.  Field  data  mu.st  be  interpolated  and  extrapolated 
in  a  st.itisiically  and  geologically  meaningful  and  rational  manner  to  account 
lor  the  geologic  heterogeneity  variability  and  resulting  parameter  uncertainty 
that  will  inevitably  exist  after  any  site  characteri/alion  Rl.  The  cost  of  reduc¬ 
ing  site  characterization  uncertainty  by  acquiring  additional  data  must  be 
balanced  against  the  results  t>f  acceptable  risk  analyses. 

The  site  characterization  requirements  addressed  in  the  Rl  include  definition 
of  (a)  geologic  structure,  stratigraphy  and  lithoU)gy;  (b)  hydrogeologic 
properties;  (c)  How  boundaries;  (d)  surface  hydrology;  (e)  conUiminant  types, 
sources,  properties  and  mechanisms;  and  (0  transport  and  triinsformation  proc¬ 
esses  in  the  subsurface  environment.  The  techniques  used  to  obtain  informa¬ 
tion  for  these  definition  requirements  .ire  diverse:  geologic  mapping;  surface 
geophysical  surxeying;  borehole  drilling,  sampling,  and  logging;  borehole  gat- 
physical  logging;  borehole  pumping  tests;  dye  tracing;  laboratory  testing, 
including  physical  and  chemical  properties;  and  others.  A  large  and/or 
complicated  site  will  involve  a  significant  data  management  effort  and  require 
a  quality  control  and  .issessment  program.  The  lactors,  considcnitions,  and 
parameters  that  must  be  considered  and  determined  in  the  Rl  are  summarized 
in  Figure  26. 

The  panel  format  consisted  of  (a)  two  synopsis  presentations  on 
hydrogeology  groundwater  modeling  and  contaminant  transport  proces.ses/ 
groundwater  modeling,  (b)  a  case  history  presentation  cmph.isizing  the  role  of 
geostatislics  in  site  characterization,  (c)  an  interactive  discussion  (questions  ;ind 
answers)  with  Workshop  attendees,  and  (d)  ;\  concluding  statement  by  each 
panel  member.  Members  of  Panel  2  are  listed  as  lollow;  additional  inform.i- 
tion  on  this  panel  is  provided  in  Appendix  D:  Moderator,  Dr.  Dwain  Butler, 
WES;  Mr.  Carlos  Tam;iyo-L;ir:i,  Colortido  Suite  University;  Dr.  Frtink 
Schwtirlz.  Ohio  Slate  I'niversity;  Dr.  Carl  Enfield,  U  S.  EnvironmenUil  Protec¬ 
tion  Agency  Kerr  Environmcnltil  Resetirch  Ltiboratory;  Dr.  James  M:iy,  WES; 
Mr.  Gregory  Hempen,  U  S.  Army  Engineer  District,  St.  Louis,  Mr.  Dennis 
Dx-.v/ser,  USAEC;  Dr.  J.imcs  Brannon,  WES;  and  Dr.  Jesse  Yow,  Lawrence 
Livermore  National  Laboratory. 


Key  Points  from  Panel  2  Presentations 

"Groundwater  Models  and  Remedial  Investigation,"  Dr,  Franklin  W. 
Schwartz,  Ohio  State  University 

There  ;ire  two  appro.iches  to  groundwater  modeling:  (a)  a  conventional 
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Project  Type 


•  OERA  (Defense  Environmental  Restoration  Act  Program) 

•  IR  (Installation  Restoration) 

•  NPL  (National  Priority  List) 

•  Formerly  Used  Federal  Properties 

•  Other  Hazardous  Wastes 

•  Superfund  Site 

•  Contamination  Remediation 

•  Unexploded  Ordnance 

•  Site/Remediation  Monitoring 

Geologic  Environment 

•  Fractured  Rock/Porous  Media 

•  ConsolidatedAJnconsolidated  Materials 

•  Aquifers/Aquitards  (Permeable/Impermeable) 

•  Structure,  Stratigraphy  and  Lithology 

•  Heterogeneity 

•  Geometry  and  Scale 

•  Parameter  Uncertainties 

Hydrogeolog  Ic  Environment 


•  Boundary  Conditions 

•  Hydraulic  Head  Distribution 

•  Unsaturated/Saturated  Flow 

•  Steady  State/Transient 

•  Hydraulic  Conductivity  Distribution  in  Three  Dimensions 

•  Porosity  Distribution  in  Three  Dimensions 

•  Saturated  Thickness  Distributions  in  Three  Dimensions 

•  Contaminant  Source  Locations 

•  Initial  Conditions 

•  Parameter  Uncertainties 

Contaminant  Properties  and  Transport  Mechanisms 

•  Single/Multiple  Species 

•  Soluble/Insoluble 

•  Density  (Relative  to  Water) 

•  Conservative/Nonconservative 

•  Advective  Transport 

•  Dispersion/Diffusion 

•  Chemical  and  Biological  Reactions/Transformations 

•  Retardation/Decay 

•  Radionuclides 

•  Parameter  Uncertainties 

Data  Management  and  Quality  Assurance/Quallty  Control  of  Field  Surveys 
and  Laboratory  Measurements 

Rl  and  Groundwater  Modeling  Synergism 

Figure  26.  Factors  and  considerations  in  Rl's 
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approach  and  (b)  a  state-of-the-science  approach.  The  conventional  approach 
is  the  norm,  and  the  same  general  strategy  is  followed  at  all  sites,  regardless  of 
site-specific  details.  The  conventional  at>Droach  has  some  important 
advantages: 

a.  It  requires  little  technical  sophistication,  and  the  same  standard  tests  are 
performed  according  'o  more  or  less  standard  procedures  by  the  same 
personnel  at  all  sites. 

b.  It  is  relative  easy  to  manage,  since  there  is  little  deviation  from  one 
project  to  the  next 

c.  It  is  simple  from  the  perspective  of  regulators,  since  proposals,  scopes  of 
work,  and  final  RI  reports  all  look  very  similar  from  site  to  site. 

d.  The  standardization  leads  to  a  homogeneity  and  simplification  of 
management  and  execution  and  is  the  least  expensive  approach. 

There  are,  however,  some  serious  disadvantages  to  the  conventional  ai>proach: 

a.  In  many  cases,  the  site  is  not  adequately  characterized  to  support 
groundwater  modeling,  FS,  and  ultimately  the  decisions  which  must  be 
made. 

b.  It  results  in  a  very  unpredictable  cost  of  remediation. 

c.  It  gives  few  clues  regarding  the  time  required  to  remediate  and  the 
effectiveness  of  remediation. 

The  conventional  approach  typically  uses  state-of-the-practice  methodology, 
which  in  many  cases  is  not  equivalent  to  the  state  of  the  art,  A  state-of-the- 
science  approach  requires  "cutting  edge"  technology  and  the  best  available 
personnel.  The  state-of-the-science  approach  discussed  here  is  a  model-based, 
mass  transport  approach  to  RI,  where  the  ideas  and  prixredures  of  a  modeler 
are  applied  to  RI.  Procedures  and  techniques  used  in  the  mass  transport 
approach  will  vary  from  site  to  site.  Generally  the  model-based,  state-of-the- 
science  annronch  will  involve  a  general  methodology  that  requires  the  geo- 
scientist  to  (a)  identify  the  contaminants  and  their  distribution  at  the  site, 

(b)  identify  the  transport  processes  and  the  key  parameters  that  describe/ 
quantify  the  processes,  and  (c)  develop  a  measurement  strategy  that  will  enable 
the  determination  of  the  key  transport  parameters.  The  advantages  of  the 
model-based  approach  are  as  follows: 

a.  Sites  are  much  better  characterized  and  problems  are  better  defined;  data 
gaps  are  less  likely. 

b.  The  results  arc  presented  in  forms  which  directly  support  groundwater 
modeling  and  FS. 

c.  Remediation/clcanup  .'osts  are  more  predictable. 
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d.  It  is  easier  to  predict  compliance  as  a  result  of  remediation. 


The  disadvantages  of  the  model-based  approach  are  as  follows; 

a.  Belter  trained,  specialized  personnel  are  required. 

b.  Field  and  laboratory  measurc.nent  programs  and  interpretation  tools  are 
more  exotic. 

c.  R1  planning,  management,  and  regulatory  oversight  become  ntore  diHI- 
cult,  since  each  site/projcct  will  have  an  individualized  RI. 

d.  The  RI  will  be  more  expensive  than  for  the  conventional  approach. 

In  summary,  the  model-based,  state-of-the-science  approach  will  result  in  a 
better  site  characterization  and  a  greater  chance  for  successful  remediation. 

Groundwater  modeling  is  important  early  in  the  RI  process  as  an  aid  in 
conceptualizing  the  site  geology,  hydrogeology,  and  contaminant  transport 
Early  site  modeling  has  tangible  benefits  that  include  (a)  an  awareness  of  the 
key  processes  and  parameters,  (b)  a  feel  for  the  sensitivity  to  changes  in 
parameter  value.s  (c)  identification  of  deficiencies  in  background  data,  and 
(d)  a  valuable  aid  in  designing  the  RI.  Inverse  groundwater  modeling  is  used 
during  the  RI  to  determine  hydrogeological  and  transport  parameters  from  Field 
measurements.  ,\n  expert  system-based  inverse  groundwater  modeling 
program  called  Expert  ROkiv  (McClymont  and  Schwartz  1987)  was 
described,  and  an  example  pre.senlcd  of  its  use  with  varying  amounts  of  input 
data.  The  program  has  embedded  knowledge  to  guide  the  user  through  data 
input,  and  can  be  a  valuable  aid  for  problem  conceptualization  and  for 
parameter  determination  from  field  measurements. 


"Contaminant  Transport  Processes,  Determination  of  Important 
Processes  for  a  Given  Site,"  Or.  Carl  G.  Enfield,  U.S.  Environmental 
Protection  Agency 

Three  areas  relevant  to  contaminant  transport  processes  were  briefly  dis¬ 
cussed:  (u)  hydrogeological  factors  contribu  g  to  significant  differences 
between  contaminant  transport  model  calculations  and  field  measured  values; 
(b)  chemical  transport  processes;  and  (c)  transformations.  In  situ,  hydraulic 
conductivity  can  vary  by  orders  of  magnitude  over  short  distances  (microscale 
variability)  depending  on  the  geologic  environment  of  deposition  (Figure  27). 
This  hydraulic  conductivity  variation  has  the  effect  of  allowing  rapid  flow  and 
transport  in  some  regions  and  much  slower  flow  and  transport  in  nearby 
regions.  Commonly,  based  on  a  very  limited  number  of  hydraulic  cxinductivity 
measurements,  this  is  modeled  by  some  "average  or  typical"  hydraulic  conduc¬ 
tivity  value,  when  in  actuality  there  is  no  typical  value,  and  a  large  dispersion 
coefficient  is  used  in  an  attempt  to  account  for  observations.  This  practice 
applies  a  theory  to  the  wrong  problem,  for  only  if  the  hydraulic  conductivity 
distribution  is  completely  random  (very  small  correlation  distance)  will 
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*'"^?  Mfinificanlly  along 

^ ^  contaminant  concinlr.ition 

varies.  Partition  c»>cl I icienU 

water  and  one  contaminant 
ci>mpound.  where  the  con- 
Liminant  is  an  organic, 
neutral,  nimpolar  material 
and  the  partitioning  (virp- 
tion)  is  to  the  organic  carhon 
in  the  soil.  If  all  the 
as-sumptions  arc  valid  at  the 
site,  the  theory  works  fairly 
_  well  as  long  as  the  contami- 

“  ^  .  riant  concentratii>n  is  verv 

deposition  , 

low  (dilute).  However,  at 

many  sites,  the  concentration 

is  not  low.  Alser  at  many  site's,  there  will  he  a  mixture  of  chemicals, 
nonaqueous  phase  liquids  (NAPL's)  as  well  as  dense  nonaquenrus  phase  liquids 
(DNAPL’s),  and  there  may  be  more  than  one  s«>lvent.  such  as  alcohol. 

CosolventN  such  as  alcohols,  and  additive  surfacLinLs  have  the  effect  of 
speeding  up  contaminant  transport.  With  surlacLinls.  there  is  a  critical  concen¬ 
tration.  Below  the  critical  concentration,  the  surlact.int  can  be  treated  as  a 
cov'Ivcnt  with  w.iter;  above  the  critical  concentration,  the  surlact.int  and  water 
must  be  ennsidcred  as  a  multiple-phase  system.  Other  factors,  such  as  residual 
saturation  ol  an  organic  compound  in  a  soil,  can  delay  contaminant  transport 
relative  to  predictions  using  a  simple  partitioning  model  lor  transport  through  a 
"pristine"  s*'il  The  residual  saturation  will  not  only  slow  contaminant  trans¬ 
port  but  will  act  as  a  contaminant  saurcc  for  many  years  (p*)ssibly  centuries). 

Transformations  involve  chemical  «'r  biologic.il  interactions  that  change  the 
nature  of  the  contaminants  being  transported  through  the  geologic  medi.i 
Most  contaminant  tr.ansp«irt  models  assume  lirst-i'rdir  kinetics  for  describing 
translormations.  However,  transformation  r  ites  .ire  not  first  order  lor  all 
chemical  interactions,  for  all  gcx>logic  medi.i.  and  lor  .ill  concentr.ilions  of  the 
chen.icals  Gener.illy.  two  chemic.ils  must  be  in  inlim.ite  contact,  i.e..  at  the 
sime  pl.ice  at  the  same  time,  for  m.ijor  translormation  to  iKcur;  this  implies 


Figure  27.  Variation  in  geologic  environment  of 
deposition 
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if.insfurm.itionN  tr.inslitrm.iliiin  r;ilcs  arc  m>t  first  order  for  all 

(.■hcmit.al  intcraw  tionN.  lor  all  >:i-«'locic  media,  and  for  all  crrnccnUalions  of  the 
ihcmieaK.  Gmi  t.ilU.  iwii  chemicals  must  be  in  intimate  conUict.  i.c.,  at  the 
same  place  at  the  eame  time,  lor  manir  transformation  to  iHTCur;  this  implies 
that  mixinj:  must  ocsiit  for  cases  where  one  conLiminant  displaces  another  in 
a  vul  water  contairinant  s\eiem,  trans(ormati>in  may  tveur  in  a  narrow  /one 
('n  either  Mdc  I'l  ihc  contact  surlacc.  but  mixing  and  hence  transformation  may 
not  iKCiir  on  a  large  scale 


‘Geostatistical  Characterization  and  Stochastic  Ground  Water 
Modeling,  Offpost  Operable  Unit,  Rocky  Mountain  Arsenal," 

Mr.  Carlos  Tamayo-Lara,  Colorado  State  University 

The  key  reavm  lor  groundwater  modeling  problems  and  f.iilures  is  p<x>r  site 
characterization  The  success  t'r  failure  of  groundw.iier  modeling  depends  on 
hv'w  well  the  site  is  characteii/ed.  Likewise,  the  success  or  failure  of  activities 
leading  to  the  design,  construction,  and  operation  of  remedial  measures  is 
dependent  on  the  understanding  (characterization)  of  the  site  geology.  Two 
l.ictors  th.it  must  be  addre.vsed  in  all  Rl  and  groundwater  modeling  cffoits  arc 
uncerUiinty  and  ai|ui(cr  heterogeneity.  Any  groundwater  modeling  effort  that 
char.icteri/cs  an  aquilcr  with  a  single  value  of  hydraulic  conductivity,  single 
v.ilue  ol  satur.iicd  thickness,  etc.,  can  give,  at  best,  only  a  crude  approximation 
of  How  and  trans|V'rt  through  the  aquifer,  tilthough  this  type  modeling  is  useful 
before  ;ind  during  the  Rl.  Ihe  linal  geological  hydrogixilogical'trtinsport  proc¬ 
ess  model  that  pros  ides  the  input  data  to  groundwater  modeling  for  FS  tmd 
remediation  should  include  account  tor  aquifer  heterogeneity  and  parameter 
uncertiinty. 

The  applic.ition  of  gex'sLatislics  and  stiKh.istic  priK'ess  theory  to  characterize 
geologic  heterogeneity  and  parameter  uncen.iinty  is  illustrated  by  a  site  charac- 
tcriz.ition  cl  tort  at  an  ollpost  ,irca  north  of  RMA.  Tliree  sltilisfical  fivhniques,' 
pri'ccdurcs  were  dcwribed  for  characterizing  heterogeneity  and  parameter 
uncertainly:  p.ir.imcicr  semis ariogram  for  determination  of  vari.inces  and 
sp  iii.il  corrcl.ilion  dist.inces;  kriging  lor  parameter  estimation  in  areas  where 
there  are  no  mc.isuremenls;  ;ind  co-kriging  for  p.irameler  estimation  in  areas 
sshere  there  .ire  no  me.iMirements  of  a  given  parameter,  but  where  there  are 
measurements  ol  another  p.ir.iineler  that  is  correlated  to  the  given  par.imeter 
(such  as  tr.insmissivily  and  Niiurated  thickness).  The  parameter  semivariogram 
is  an.ilyzed  to  yield  a  corrcl.ilion  distance  that  describes  the  dist.ince  Irom  a 
given  measurement  position  at  which  the  parameter  values  are  correl.iled  or 
sp.iii.illy  continuous  Kriging  is  .1  technique  for  estimating  parameter  values 
.iw.iy  Irom  me.isuremeni  points  that  h.tve  Ihe  s.ime  variance  and  spali.il  correla¬ 
tion  siruclure  as  ihe  me.isured  data.  In  many  cases,  only  a  lew  values  of 
hydr.iulic  conductivity  (usually  the  most  undersampled  variable)  will  be  avail- 
.il'lc  in  .in  .ire.i,  towever.  there  w  ill  gcner.illy  be  siibsianti.illy  more  v.ilues  of 
s.iiurated  thickness,  and  hydr.iulic  conductivity  .ind  s.iiiirated  thickness  will 
likely  be  correl.iled  (.is  they  were  lor  Ihe  c.ise  presented)  C'o-kriging  improves 
the  cstim.iles  ol  Ihe  undcrs.implcd  vari.iblc,  b.isvd  on  Ihe  correlation.  The 
kriged  and  co-kriged  estimates  are  used  in  stiich.istic  process  modeling  for 
remediation  allern.ilive  evaluation  .ind  predictions. 
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Selected  Questions  and  Answers  and  Panelist 
Comments 


Question  to  Or.  Enfield  by  unidentified  speaker 

’Can  you  see  a  use  for  a  model  such  that  it  could  justify  a  ‘no>action'  at  a 
particular  site?*  Two  cases  were  identified  by  Dr.  Enfield  that  might  justify  a 
'no-action*;  (a)  where  the  natural  chemical  and  biological  prixcsses  that  arc 
taking  place  will  reduce  the  plume  concentration  to  below  regulatory  criteria 
N'fore  leaving  site  boundaries;  (b)  where  there  is  sufficient  dilution  fmm 
natural  water  input  to  reduce  the  concentration  at  the  points  of  control  to 
below  regulatory  criteria.  .*No-action*  could  be  justified  by  modeling  in  these 
ca.scs  if  the  proccs.scs  and  input  parameters  arc  carefully  dtK'umented  and  the 
miKlcling  procedure  is  demonstrated  b>  be  realistic  for  the  site. 


Qusstion  to  Dr.  Schwartz  by  Mr.  Stephen  White,  U.S.  Army 
Engineer  District,  Omaha 

'Many  times  the  Districts  are  assigned  ‘modeling  tasks*  with  very  little 
data;  often  another  party  has  acquired  the  data  and  there  is  no  option  to  obtain 
additional  data.  There  is  a  great  need  for  basic  modeling  kxrls  with  ‘low 
learning  curves,’  such  as  Expert  ROKEY,  that  can  be  used  as  learning  tools 
themselves  and  can  help  conceptualize  flow  and  iranspcn,  particularly  at  sites 
with  limited  data.  With  respect  to  doing  the  more  complex  Ri  |mt>dcl-bascd 
approach)  up  front,  wc  have  a  lot  v>f  trouble  getting  architect-engineers  jA-E's) 
to  go  through  and  manage  and  carry  out  the  more  simplc...or  more  standard 
task  (arnvcntional  approach ]....) What  do  wc  do  to)  get  them  capable  to  do  this, 
and  what  parameters,  in  specific,  arc  you  Diking  about  getting  up  front  in  that 
more  mtHlclHiricntcd  RI?"  Dr.  55chwart;».  sDted  that  the  problem  of  encourag¬ 
ing  more  proactive  scicnccHtricntcd  RI  is  a  difficult  one,  because  the  level  of 
education  of  the  responsible  parties  is  the  limiting  factor.  More  sophisticated 
RI  will  come  only  through  cduc.ition.  The  parameters  that  arc  missing  most 
frequently  in  the  conventional  approach,  that  arc  needed  in  the  sDtCH^f-thc- 
science  approach,  arc  all  the  critical  ma.ss  tran.sport  parameters.  Personnel 
conducting  RI  arc  more  accustomed  to  determining  groundwater  flow 
parameters  than  the  mass  transport  parameters,  and  the  transport  parameters  arc 
neglected. 


Comment,  Mr.  Mat  Johansen,  U.S.  Army  Engineer  District,  Walla 
Walla 

"On  my  wish  list  of  the  ultimate  mtxJcl  is  a  model  that  helps  the  user 
effectively  link  the  input  uncertainty  with  the  variability  and  the  output 
uncerDinty.  I  think  wc  may  deceive  N>s.ses,  regulators,  and  the  public  when 
we  give  single  jsimpic)  answers  to  complex  problems.  I  kxik  forward  k>  any 
rc.scan:h  and  development  of  modeling  that  helps  us  dc;il  with  that 
juncertainty).* 
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Comment,  Mr.  Greg  Hempen,  Panel  Member,  U.S.  Army  Engineer 
District,  SL  Louis 


’I  would  like  to  mciition  a  pci  area,  that  I  think  there  is  reason  to  save 
amsidcraMc  amounts  of  money  on  site  invcstigation....And  that  is  the  classical 
geologic  input  of  dcpiiMtion.il  information  jenvinmment  of  dept^sition].  If  you 
know  the  dcpositional  environment  before  you  go  to  a  site,  all  your  site 
samples  mean  much  more  than  they  would  in  a  stark  sense. ...The  new  field  of 
gmstatLstics  and  the  cla.ssic  gexilogic  depositional  history  will  give  i.tuch  better 
answva-s  much  s»x>ncr." 


Comment,  Dr.  James  May,  Panel  Member,  WES 

Dr.  May  rccmphasi/cd  the  importance  of  understanding  and  quantifying 
geologic  heten^geneity  and  parameter  uncertainty.  Dr.  May  stated  '...regard- 
less  of  what  model  is  ultimately  used  (for  groundwater  modeling),  you  have  to 
have  the  correct  conceptual  model  and  input  parameters  and  get  a  handle  on 
goetlogic  uncertainly." 


Comment,  Dr.  James  Brannon,  Panel  Member,  WES 

"...I  can't  overemphasi/e  the  imp<irtancc  of  really  understanding  the 
gOK'hcmistry  and  the  chemistry  of  the  contaminant  which  you  arc  dealing 
with,  in  addition  to  undersUinding  gextiogical  properties  of  the  site  and  the 
formalivm  and  the  way  that  the  water  moves,  because  if  you  don’t  understand 
all  the  other  proccs.sc,s  that  arc  occurring,  that  arc  contaminant  specific,  then  I 
don’t  think  you  will  do  a  very  go<id  job  of  modeling  or  being  able  to  predict 
what’s  going  to  happen  at  the  site." 


Comment,  Dr.  Jesse  Yow,  Panel  Member,  Lawrence  Livermore 
National  Laboratories,  Department  of  Energy 

"The  DOE  (Department  of  Energy (  f.iccs  cnvironmcnUil  restoration 
problems  similar  in  magnitude  to  the  DOD.  There  arc  differences  in  emphasis, 
but  al.so  some  armmon  ground.  The  four  areas  of  primary  interest  to  the  DOE 
arc  as  follows: 

a.  Subsurface  exmiamination;  strlvcnts  (DOE  h.is  TCE  (trichloroethylene) 
contamination  on  virtually  all  iLs  properties). 

h.  Petroleum  products;  DOE  h.as  its  share  of  hydixK.irbon  spills. 

c.  Heavy  mctils  and  radionuclides  (a  departure  fmm  DOD  concerns). 

d.  Energetic  materials,  explosives,  and  pnrpellants  (the  magnitude  of  this 
pmblcm  is  less  for  DOE  than  ft)r  DOD)." 
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Misc*llan*ous  comments  and  suggestions  from  workshop 
attendees 


PiTstinncI  in  Corps  districts  and  at  military  installations  frequently  do  not 
have  the  tr-iininj;  and  experience  lt>  enable  them  to  adequately  review  the 
progress  and  results  ol  )’roundwater  modeling  and  site  characterization  input  to 
the  modeling  prix'ess.  Also  the  personnel  are  often  not  equipped  to  make  in¬ 
formed  decisions  regarding  when  to  model,  when  not  to  model,  and  the  level/ 
extent  of  groundwater  modeling  appropriate  U>  given  situations.  The  Army 
needs  a  unified  strategy  and  guidelines  for  application  of  groundw'ater  model¬ 
ing.  An  Army  in-house  capability  for  evaluation,  as.ses.smenl,  verification,  and 
validation  of  groundwater  modeling  results  is  needed.  An  Army-wide 
methodology  for  quality  control  and  quality  assurance  of  site  characterization 
and  groundwater  modeling  would  greatly  enhance  the  role  and  succc.ss  of 
groundwater  modeling  i.-'  the  Rl  f-S  pnxess. 


Written  Comments  on  the  Tenets  of  Good  or  Usable  Groundwater 
Models,  Mr,  Hector  Magallanes,  White  Sands  Missile  Range 

Mr.  Magallanes  provided  the  following  comments; 

<i.  Easy  to  input  variables,  hi'pcfully  from  database. 

h.  Easy  to  use,  i.e.,  user  friendly,  with  prompts  asking  lor  data  and  ’’Help" 
function. 

c.  Clearly  specifics  limitations  and  what  kinds  of  geologic  and  hydro- 
geologic  conditions  that  it  can  represent  well  (two-dimensional  How, 
constant  head,  plug  How,  homogenoius.  isotropic,  etc.). 

J.  Not  unnecessarily  complex  to  use. 

e.  Allows  for  easy  sensitivity  analysis  of  results. 

/.  Designed  for  the  novice  who  has  the  capacity  to  learn. 

g.  MicriKomputcr  (PC)  based. 

h.  Taker;  into  consideration  retardation  due  to  organic  carbon,  vapor  phase- 
transport,  mass  transfer,  aquifer  thickness. 

r.  Ability  to  do  inverse  calculations  lor  hydrogeological  parameters. 


48 


Criiiptw  «  Panel  2  Model  Use  in  Remedial  Investigations  (HI) 


Summary  and  Research  and  Development 
Requirements 

Summary 

The  following  pi^inis  summarize  ihc  key  facts  relevant  to  the  subject  of 
Panel  2  that  were  presented  and  discussed  during  the  workshop; 

a.  A  statCH)f-the-scicnce,  groundwater  modeling-based  approach  to 
remedial  investigations  will  result  in  predictable  and  decreased 
remediation  costs  and  verifiable  results. 

If.  Groundwater  modeling  should  be  used  early  and  throughout  RI  for  con¬ 
ceptual  model  formulation  and  pn^gram  planning/modification. 

c.  The  RI  should  be  planned  and  conducted  with  the  objective  of  support¬ 
ing  groundwater  modeling,  FS,  and  remediation,  and  not  just  to  develop 
a  database  of  facts  about  the  site. 

d.  Geostati.stics  is  currently  the  best  way  to  rationally  account  for 
uncertainty  and  heterogeneity. 

e.  The  Army  needs  an  in-house  capability  to  cvaluatc/assess/verify/validate 
groundwater  modeling  results. 

/.  There  is  need  for  an  Army-wide  quality  assurancc/quality  control 
methodology. 

g.  llie  Army  needs  a  unified  strategy  for  application  of  groundwater 
modeling. 

h.  Many  problems  that  are  being  encountered  in  practice  arc  not  technical, 
but  caused  by  regulatory  requirements,  timclincs.s,  budget  etc. 

I.  An  increased  emphasis  on  fundamcnUil  geology  is  needed,  c.g., 
environment  of  deposition,  characterization  of  types,  and  scale  of 
heterogeneity,  etc. 

j.  Many  fundamental  contaminant  transport  processes  that  arc  contaminant 
specific  arc  poorly  undcrsUxxl;  the  Army  needs  an  enhanced  understand¬ 
ing  of  fundamental  trnnsp<irt  procc.s.s,  particularly  for  solvents,  hydro- 
carbon.s,  and  explosives. 

Research  and  development  requirements 

The  following  rc.scarch  and  development  needs  and  requirements  were 
identified: 
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a.  Better  guidelines  and  new  procedures  to  make  use  of  fundamental 
geology  in  Rl  planning  and  execution  and  site  conceptualization. 

h.  Better  understmding,  new  measurement  techniques,  and  new/better 
modeling  capability  for  conLiminant  transport  mechanisms  and 
pn'tccs.scs. 

c.  Development  of  groundwater  models  or  procedures  for  parameter  sensi¬ 
tivity  analyses  and  for  linking  input  uncertainties  to  model  output 
uncertainties. 

d.  Valid  procedures  for  modeling  transport  at  high  contaminant 
amcentration  levels. 

e.  Development  of  procedures  for  identifying  numerical  transport  (con¬ 
trasted  to  physical  transport)  when  it  occurs  during  groundwater 
modeling. 

/.  Development  of  guidance  on  the  appropriate  level  of  analysis/modeling 
versus  problem  type/complexity  and  on  personnel/time/cost  to 
accomplish  the  objective. 

g.  Development  of  better,  more  effective  mechanisms  for  groundwater 
modeling  technology  transfer. 

h.  Development  of  mcchani.sms  for  transitioning  sLite-of-thc-sciencc 
approaches  to  Rt  to  actual  application  and  practice. 
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Background 

The  primary  purpose  of  remediation  activities  is  to  protect  human  health 
and  the  environment.  This  overall  objective  is  accomplished,  where  necessary, 
through  implementation  of  passive  and/or  active  remedial  action  alternatives. 
Once  the  site  is  characterized  in  the  RI  and  the  risk  as.sessments  establish 
appropriate  remediation  goals,  numerous  alternatives  for  attaining  the 
established  cleanup  requirements  may  be  evaluated  during  the  FS  process. 

Panel  3  addresses  one  of  the  main  reasons  for  developing  an  Army 
groundwater  modeling  system,  i.e.,  the  need  to  integrate  the  capability  to  eval¬ 
uate  the  effects  of  remediation  into  groundwater  flow  and  contaminant  trans¬ 
port  models.  Panel  3  is  divided  into  two  subpanels.  The  objectives  of 
Panel  are  twofold: 

a.  Inventory  modeling  applications  in  the  rcmcdi.'il  alternative  evaluation 
and  implementation  proces.s. 

b.  Identify  research  and  development  issues  related  to  the  technically 
effective  and  cost-efficient  use  of  groundwater  modeling  during  the  FS 
process. 

As  an  increasing  number  of  large  complex  contaminated  sites  move  toward 
remediation,  it  is  becoming  increasingly  important  to  develop  methods  to  - 
predict  the  performance  of  various  subsurface  remediation  options.  Thc.ss 
performance  models  are  critical  to  predict  the  potential  cost  cffcctivenc.ss  of 
remedial  alternatives  and  to  determine  whether  a  particular  technology  is  likely 
to  achieve  risk-driven  remediation  goals. 

One  state-of-the-art  paper  was  presented  and  a  panel  discussion  with 
questions  from  the  audience  followed.  Panel  3  members  (made  up  of  sub¬ 
panels  3a  and  3b)  are  listed  as  follow;  additional  panel  information  is  provided 
in  Appendix  D:  Panel  3a  Moderator,  Dr.  John  Cullinanc,  WES;  Mr.  Jack 
Gcncreaux,  U.S.  Army  Engineer  District,  Kans.as  City;  Mr.  Jim  Zcitingcr,  U.S. 
Army  Engineer  District,  Omaha;  Mr.  Don  Koch,  Engineering  Technical 
As.sociatcs;  and  Dr.  Oaylen  Brubaker,  Remediation  Technologies,  Inc.;  and 
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Panel  3b  ModcraUn.  Ms.  Tomiaiin  McDaniel,  HQUSACE;  Dr.  James  Warner, 
Colorado  Stale  University;  Dr.  Randall  Ross,  U.S.  Environmental  Protection 
Agency  Kerr  Environmental  Re.search  Laboratory;  Dr.  C.  Y.  Chiang,  Shell 
Development  Company;  and  Ms.  Carol  McKinney,  U.S.  Army  Engineer 
District,  Kansas  City. 


Key  Lessons  from  Paper  Presented 


Dr.  Gaylen  Brubaker,  Remediation  Technologies,  Inc.,  presented  a  paper, 
"Process  Options  lor  In  Situ  Subsurface  Remediation.”  This  paper,  using  a 
case  history  approach,  describes  typical  subsurface  remedial  action  alternatives 
considered  during  the  FS  process.  Two  sites  were  de.scribed:  a  petrochemical 
facility  on  the  Gulf  Coast  and  a  Superfund  site  in  the  Midwest.  The  subsur¬ 
face  remedial  action  alternatives  considered  at  these  sites  included  the 
following; 

a.  NAPL  recovery. 

h.  Pump  and  treat. 

c.  In  situ  bioremediation. 

d.  Vapor  extraction  techniques. 


Nonaqueous  phase  liquid  recovery 

In  cases  where  a  large  release  of  material  cK'curs,  sialubility  limitations  may 
result  in  the  formation  of  NAPL's.  Depending  on  density,  NAPL's  are 
classified  as  light  (LNAPL)  and  dense  (DNAPL).  NAPL  recovery  incorporates 
the  removal  of  "product"  from  the  ground.  Product  recovery  may  result  in  a 
recyclable  material  or  a  concentrated  waste  material.  A  simple  NAPL  recovery 
system  is  shown  in  Figure  28.  Mulliph.isc  models  are  required  for  evaluation 
of  NAPL  removal  alternatives.  Rules  of  thumb  for  evaluating  NAPL  removal 
alternatives  are  alst)  being  generated  by  the  EPA.  Parameters  of  interest  in 
evaluating  NAPL  removal  alternatives  include  viscosity,  density,  intcrfacial 
tension,  and  relative  permeability. 

Several  techniques  are  avail.ablc  to  enhance  NAPL  recovery.  These  range 
from  merely  increasing  the  head  in  the  aquifer  system  to  rather  clalxrralc  sys¬ 
tems  incorporating  surfacUinl  addition  or  hot  water  Hushing  (Figure  29).  Hot 
water  or  steam  priKcsses  arc  particularly  significant  for  removal  of  DNAPL’s. 
Raising  the  temperature  of  most  DNAPL’s  reduces  their  vist'osily  and  results 
in  improved  product  recovery.  From  a  modeling  perspective,  there  is  a  need  to 
model  the  effects  of  temperature  and  the  chemical  interactions  of  various 
additives  with  the  NAPL's. 
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Figure  28.  Simple  NAPL  recovery  system 


Pump  and  treat 

Pump  and  treat  is  the  grandfather  of  subsurface  remedial  alternatives 
(Figure  30).  Pump  and  treat  systems  employ  extraction  wells  to  simply  pump 
the  water  to  the  surface  for  treatment.  A  variant  of  traditional  pump  and  treat 
systems  is  the  use  of  interceptor  trenches  fur  shallow  groundwater  systems. 
Enhanced  pump  and  treatment  systems  (Figure  31)  are  also  being  developed. 

Limitations  of  pump  and  treat  systems  include  the  following: 

a.  Contaminants  may  be  insoluble. 

b.  Contaminants  may  be  retained  in  unsaturated  soils. 

c.  Geology  may  be  complex  and  poorly  defined. 

d.  Pumping  can  create  dead  zones. 

e.  Groundwater  (low  is  limited  in  low  permeability  zones. 

Original  models  for  pump  and  treat  systems  were  rather  simplistic 
groundwater  flow  models.  More  sophisticated  models,  incorporating 
contaminant  transport,  are  being  developed.  These  models  are  beginning  to 
account  for  such  phenomena  as  advection,  diffusion,  partitioning,  adsorption/ 
desorption,  biological  degradation,  etc.  The  sophistication  of  the  model 
selected  for  use  on  a  specific  site  should  be  appropriate  to  the  complexities  of 
the  site.  Different  models  may  be  appropriate  at  different  stages  of  alternative 
development  and  evaluation. 

In  situ  bioremediation 

In  situ  bioremediation  is  an  extremely  popular  concept  (Figure  32).  Very 
simple  models  of  bioremediation  process  are  currently  used.  Factors  of  inter¬ 
est  in  modeling  the  bioremediation  process  include  the  following: 

a.  Microbial  versatility  and  diversity. 

b.  Microbial  environment  (pH,  oxygen  supply,  temperature,  nutrients). 

c.  Bioavailability  of  organic  contaminant  (thermodynamics,  accessibility  to 
enzyme  systems,  solubility). 

Vapor  systems 

Vapor  recovery  systems  are  u,sed  primarily  in  the  unsaturated  zone;  how¬ 
ever,  they  have  some  application  to  remediation  of  the  saturated  zone.  Vapor 
recovery  systems,  which  arc  essentially  in  situ  air  stripping,  incorporate  the 
movement  of  air  through  the  porous  media.  A  variation  on  the  vapor  recovery 
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sy\lcm  IS  aquifer  aeration.  Henry's  law  anil  partitioning  cMixLs  from  the 
aqueous  to  the  air  phase  arc  important  considerntHins.  Important  modeling 
eonsiderations  include  the  following; 

li  Va|>or  pressure, 

h  Vapor  density. 

c.  Diffusivity. 

d.  Aqueous  solubility. 

Selected  Questions  and  Answers 

Question  to  Or.  Brubaker  from  unidentified  speaker 

The  use  o(  ho!  water  flushing  to  convert  I)NAPI..’s  to  I.NAPl.'s  was  an 
interesting  prospect,  but  can't  you  create  a  much  larger  /one  of  residual  satura¬ 
tion  that  way  .**  Dr.  itrubaker  replied  that  design  and  operation  consideratMins 
i.in  he  used  to  minimi/c  the  possibility  of  this  iKciirring.  lliis  is  a  tixhnology 
th.'it  is  used  in  the  oil  industry.  'I'wo  pilot  studies  that  evaluate  this  tei  hnology 
for  the  recdvery  of  DNAPI-'s  are  currently  underway. 


Question  to  Or.  Brubaker  from  unidentified  speaker 

"Where  are  we  in  the  use  of  genetic  bacteria  lor  remediation’.'"  According 
to  Dr.  Ilrubaker.  there  are  a  variety  of  thoughts  on  this  issue.  Within  the  in  s- 
ilii  bioreinedialion  coinmiinity,  there  is  a  strong  prelerence  lor  using  the 
natural  bacteria  r.'ither  than  trying  to  in|ect  loreign  bacteria,  lie  thinks  the 
injeition  ol  ginctically  engineered  hacleri.i  is  a  long  way  off. 


Question  to  panel/participants  from  Or.  John  Cuiiinane,  WES 

"Is  modeling  used  to  justify  the  no-;Ktion  alternative’.'"  According  to 
Ms  Toiiii.inn  MiD.inicI,  lie.idqiiarters.  U  S  Army  Coqisol  I’ngineers.  the  no- 
aciion  alternative  has  been  justified  and  selected  lor  a  variety  ol  sites 

Cumnienl  fnim  unidenlinrd  speuker.  "I  am  working  on  a  site  where  we 
are  hoping  to  iiiiorjiorale  a  no  action  alternative.  Modeling  is  deliiiitely 
needed  to  jiistily  mmpli.ince  as  l.ir  as  loncentr.itions  at  jviints  of  comjiliani  e  " 

Cummenl  rnnii  Dr.  <'.  Y.  Cliiang,  Siii-ll  Develupmenl  ('onipany.  "I 

think  that  modt  iing  pl.iys  a  criui.il  role  d  you  h.ive  .1  no  .ution  .dteriiative  " 
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Comment  from  Mr.  Bass.  "We  have  a  site  where  modeling  was  used  to 
justify  a  no-action  alternative.  This  site  used  unsaturated  zone  modeling  to 
predict  the  impact  of  contaminant  relea.se  on  the  underlying  groundwater.” 


Question  from  unidentified  speaker 

’Diks  anybody  know  how  much  data  is  required  for  a  really  good  model? 
Can  you  s;»y  a  number?  How  much  should  I  pay  for  groundwater  mi>dcling?" 

Comment  Trom  Dr.  James  Warner,  Colorado  State  University.  'It  all 
depends  on  the  objective  of  the  modeling  effort  There  are  no  fixed  rules  on 
the  type  of  model,  data  requirements,  or  costs.” 

Comment  from  Mr.  Don  Koch,  Engineering  Technologies,  Inc.  'There 

are  a  variety  of  interpretations  on  what  a  model  is,  ranging  from  merely 
extrapolating  data  to  analytical  models  to  complex  finite  diffcrcnce/element 
models.  The  decision  on  what  is  appropriate  has  to  be  ba.scd  on  the  amount  of 
data  you  have  or  the  uncertainty  you  need  to  resolve  your  problem.” 

Comment  from  Mr.  Bass.  "The  time  required  for  modeling  also  needs  to 
be  considered." 


Summary 

The  i.s.suc.s  and  topics  identified  during  the  Panel  3a  discussion  can  be 
categori/ed  into  four  broad  areas:  technology  transfer,  communications, 
prvKcss  science,  and  modeling  science.  The  technology  transfer  and  communi¬ 
cations  categories  arc  oriented  more  toward  the  Qrrps  of  Engineers  institu¬ 
tional  environment,  whereas  the  prtKc.ss  and  modeling  science  categories  are 
associated  with  traditional  research  and  development  activitic.s. 

Technology  transfer 

The  most  important  concern  for  the  users  attending  the  workshop  is  the 
technology  transfer  issue  rather  than  "pure"  rcsc-irch  and  development  issues. 
The  users  require  information  on  the  existing  state  of  the  art  and  the  applica¬ 
tion  of  existing  models  rather  than  the  development  of  new  models.  Tech¬ 
nology  transfer  is  perceived  as  an  immediate  need.  Technology  transfer 
requirements  stated  by  the  audience  included  training,  technical  guidance  docu¬ 
ments,  management  guidance,  and  a  formal  technology  update  mechanism. 

Sec  Chapter  7  for  more  detail. 


Communications 

The  acccpLincc  and  efficient  use  of  modeling  depend  on  impmved  com¬ 
munications  and  intcr.action  between  modelers  and  the  various  di.wiplines  that 
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arc  using  the  infominiion  produced  hy  the  models.  Specific  issues  included 
the  following. 

Improve  .scoping.  Modeling  and  the  use  of  information  provided  by 
models  is  a  multidisciplinary  activity.  Each  discipline  (hydrogcologist, 
chemist,  engineer,  etc.)  has  dilferent  expectations  lor  modeling  and  modeling 
results.  The  interaction  between  these  disciplines  should  be  improved  and 
initiated  early  in  the  prinress.  Modeling  should  be  considered  in  the  scoping 
process. 

Objectives.  Specific  objectives  should  be  developed  and  included  in  the 
definition  of  model  expectations.  Objectives  should  be  written  to  incorporate 
the  requirements  of  each  discipline. 

Jiirgon.  The  various  disciplines  should  u.se  terminology  meaningful  to 
other  di.sciplines. 


Process  science 

Prinress  science  relates  to  the  physic.s.  chemistry,  and  bioliigy  of  ground- 
w.iter  How  and  contaminant  fate  and  transport.  It  was  generally  agreed  that  an 
improved  understanding  of  the  physical,  chemical,  and  biological  mechanisms 
assiK'iated  with  groundwater  Ilow  and  contaminant  transport  is  needed. 

Groiindvtulvr  now.  The  physics  of  groundwater  Ilow  is  a  major  tispcci  of 
development  of  accurate  models,  llscrs  appeared  to  agree  that  the  understand¬ 
ing  of  the  groundwater  Ilow  portion  of  the  overall  problem  is  much  further 
advanced  than  the  understandihg  of  the  physical,  chemical,  and  biological 
phenomena  associated  with  subsurface  transport  of  contaminants.  Three  issues 
were  identified;  multiphase  Ilow.  Ilow  in  the  unsaturaled  /one.  and  Ilow  in 
frozen  soils. 

Conlaminunt  transport.  The  physical,  chemical,  and  biological  inter.ac- 
tions  between  chemicals  and  soils  need  to  be  identified  and  mathematically 
de.scribed.  Care  should  be  taken  to  ensure  that  there  is  the  capability  to 
accurately  evaluate  diffusion,  sorption.  desorptii>n.  biological  degradation,  etc. 


Modeling  science 

I’se  existing  models.  In  general,  users  appear  to  be  of  the  opinion  that 
existing  models  are  adequate  for  current  needs.  Tlie  use  of  existing  models 
should  be  stressed.  Improvements  in  existing  models  should  be  camsidered. 
but  this  is  not  a  high  priority.  The  most  pressing  need  is  to  provide  guidance 
on  existing  models.  Procedures  for  use  and  application  are  needed.  Many 
users  felt  that  they  did  not  have  sullicient  inbirmation  or  knowledge  with 
which  to  make  recommendations  concerning  research  needs. 
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I'niversal  model.  Development  of  one  ’universal*  model  is  not 
appropriate.  A  family  of  model.s  may  be  more  appropriate.  Both  analytical 
and  numerical  models  have  their  place  and  should  be  viewed  as  arrows  in  the 
quiver  of  the  engineers  and  scientists  conducting  a  remedial  action. 

.Model  enhancement.  Improvements  to  existing  models  should  be  oriented 
toward  input  requirements  and  output  di.splays.  Input  needs  to  be  u.scr- 
friendly  and  output  needs  ui  be  understandable.  Output  should  be  improved  to 
provide  for  better  visualization  using  gmphies. 

Model  attributes.  Several  users  provided  a  list  of  model  attributes, 
summarized  as  follows: 


ii.  If  at  ail  possible,  the  model  should  run  in  the  PC  (preferably  on  a 
3S6  generation  prtKc.s.vir)  environment. 

h  Input  data  requirements  should  be  minimized,  subject  to  unacceptable 
reduction  in  model  accuracy. 

e.  Models  should  include  optimization  e.apabilities. 

d  Run  time  is  extremely  imptutant.  it  is' es.sential  to  be  able  to  make 
numerous  runs. 

e.  Models  .should  include  uncertainty  analysu. 

/  Models  should  include  default  data;  however.  sr»mc  mechanism  should 
be  provided  to  prevent  model  misuse  by  novice  modelers. 

g.  Models  should  have  graphical  input  features,  i.e.,  mouse  input. 

/i.  Methods  for  easy  data  input  should  include  procedures  to  allow  for  the 
inclusion  of  output  from  prior  runs  into  input  of  subsequent  runs. 

f.  Models  should  easily  accommodate  various  remedial  action  alternatives. 
For  example,  it  should  be  easy  to  put  in  such  features  as  extraction 
wells,  extraction  trenches,  recharge  wells,  recharge  trenches,  barriers, 
and  surface  infiltration.  The  models  should  have  the  c.'ip.nbility  to 
simul.'ite  various  remedi.il  alternative  operation  scenarios  such  as  pulse 
pumping. 

y.  Models  should  provide  a  time-phased  e.stimate  of  contaminant 
eoneentr.itions  in  extracted  water. 

fc  Models  should  be  user-friendly. 

Model  ralibi^linn/verinealinn.  Procedures  for  mr’del  calibration/ 
vcrifie.'ition  should  be  developed.  Calibration,  verilieation  techniques  should 
not  require  collection  of  inordinate  amounts  of  data.  Techniques  should  be 
developed  th.it  optimize  the  use  of  data. 
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Data  requirements.  PriKcdurcs  and  methods  for  obtaining  data  should  be 
simplified.  Techniques  to  incxirporatc  existing  databases  with  the  modeling 
princess  should  be  developed.  Interf.-iccs  with  CIS  type  systems  would  improve 
model  application  and  he  more  clficicnt. 
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6  Panel  3b:  Model  Use  in 
Remediation,  Part  2 


Background 

The  feasibility  study  and  site  remediation  process  result  in  the  implementa¬ 
tion  of  a  carefully  considered  course  of  action  designed  ultimately  to  protect 
human  health  and  the  environment  When  such  a  course  of  action  involves 
operation  of  a  contaminated  groundwater  management  or  remediation  project, 
it  may  range  from  fairly  straightforward  to  quite  complex.  The  variability  may 
be  due  to  the  hydrogeologic  conditions,  the  objective  of  the  remediation,  or  the 
system  design  itself. 


Objective/Scope  of  Panel 

The  scope  of  this  panel  was  to  discuss  the  potential  benefits  and  other 
issues  related  to  using  groundwater  modeling  in  the  operation  phase  of 
groundwater  remediation  projects. 


Key  Points  from  Panel  3b  Presentations 

*Cas«  Study:  Gilson  Road  Superfund  Site,*  Dr.  Randall  Ross,  U.S. 
Environmental  Protection  Agency 

Groundwater  modeling  is  best  approached  as  an  iterative  process  beginning 
with  the  RI  and  continuing  through  the  evaluation  of  feasible  alternatives  to 
design  of  the  remedial  action  and  assessment  of  remedial  action  performance. 
A  numerical  groundwater  model  can  be  useful  in  testing  a  conceptual  site 
model  to  determine  the  validity  of  data  interpretation  and  the  relative  value  of 
additional  data  points.  Once  the  objectives  of  the  remediation  are  determined, 
numerical  modeling  is  useful  in  evaluating  the  effectiveness  of  different 
methods  of  obtaining  those  objectives.  The  efficiency  of  a  groundwater  pump- 
and-treat  or  containment  design  can  be  enhanced  through  the  use  of  ground- 
water  modeling.  As  illustrated  in  this  case  study,  groundwater  modeling  is 
also  useful  in  evaluating  the  effectiveness  of  pump-and-treat  systems  and  in 
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determining  potential  locations  and  pumping  rates  for  future  extraction  wells  or 
recharge  u-cnchcs. 


Evaluation  of  the  Gilson  Road  Superfund  Site  remedial  action  using  moni¬ 
toring  data  led  to  reevaluntion  of  the  numerical  groundwater  modeling  origi¬ 
nally  done  to  design  a  containment  project.  Several  problems  were  found  with 
the  original  wnceptual  site  model  including  ptwr  characteri/ation  of  the  source 
and  an  incomplete  understanding  of  the  site  hydrogeology,  de.spite  having  what 
might  be  considered  a  well-characterized  site,  i.c.,  over  100  monitoring  points 
in  a  20-acre  (8-ha)  site.  The  importance  of  maintaining  continuity  throughout 
the  proce.ss  was  illustrated  when  the  data  files  from  the  original  modeling 
activity  by  a  Qontractor  could  not  be  located  in  order  to  continue  with  further 
groundwater  analyses  by  another  contractor. 

The  use  of  a  reputable  consulting  firm  did  not  guarantee  that  good  model¬ 
ing  practices  were  used  in  later  modeling  attempts.  Some  of  the  problems 
noted  include  modeling  a  heterogeneous  aquifer  in  a  homogeneous  manner, 
significant  adjustment  of  site  physical  features  in  order  to  calibrate  head  data, 
incorrect  location  on  the  model  grid  of  physical  features  with  hydraulic  impact, 
and  significant  size  differences  between  adjacent  nodes. 

The  integration  of  proven  flow  models  with  transport  models  and  gcostatis- 
tics  in  order  U)  evaluate  the  effectiveness  and  efficiency  of  a  pump-and-treat 
.system  is  being  tried  on  this  site.  A  GIS  will  be  combined  with  the  modeling 
activities  aid  in  pre.senting  volumes  of  data  in  a  meaningful  way.  The  use 
of  GIS  packages  helps  with  data  input  to  a  numerical  groundwater  model  as 
well  as  with  management  of  data  generated  by  modeling  activities.  This  is 
considered  to  be  the  future  trend  in  data/model  interfacing  and  data 
management. 


'Use  of  Numerical  Groundwater  Modeling  for  Operation  and 
Management  of  the  North  Boundary  Containment  System  at  the 
Rocky  Mountain  Arsenal,*  Dr.  James  Warner,  Colorado  State 
University 

A  dcLiiled  numerical  groundwater  model  of  the  North  Boundary  Q)n- 
tainment  Sy.stcm  was  developed  to  aid  the  RMA  in  its  operation  of  the  barrier 
system.  Since  this  barrier  sy.stem  was  one  of  the  first  of  its  kind,  there  was  no 
previous  operational  experience  on  which  to  base  dccision.s.  Management  of 
such  a  system  turned  out  to  be  a  complex  task. 

To  answer  the  dcLiilcd  operational  quc.stions  being  asked  by  RMA,  a  finite 
element  model  (CSU-GWFLOW)  with  a  very  fine  grid  (14,(XX1  nodes)  was 
used  (Warner  1987).  This  allowed  each  well  to  be  reprasented  by  separate 
nodes.  Direct  comparison  of  model  rc.sulLs  with  field  daUi  was  pi>s.sible  with 
this  configuration.  Tran.sport  of  contaminants  was  not  modeled. 

Model  calibration  with  an  average  crn>r  of  abriut  0.5  ft  (0.15  m)  was 
achieved  through  the  u.sc  of  .steady-state  and  transient  calibrations.  This  was 
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possible  because  of  the  amount  of  field  infonnation  that  was  available.  Lack 
of  monitoring  data  did,  however,  present  problems. 


The  model  was  used  to  explore  what  operational  changes  would  work  best 
(o  achieve  the  desired  results  in  management  of  the  contaminated  groundwater 
plumes.  Overpumping  of  wells  with  installation  of  recharge  trenches  has  been 
used  to  reverse  gradients  across  the  system.  The  model  was  also  used  to  pre¬ 
dict  the  time  available  before  undesirable  effects  from  a  system  shutdown 
would  be  felt.  This  allows  RMA  to  plan,  not  merely  react. 

There  is  now  a  good  body  of  experience  gained  through  the  operation  and 
management  of  this  barrier  system,  which  should  be  studied  by  anyone 
involved  in  designing  or  operating  a  contaminated  groundwater  management 
system. 


'Bioremediation  -  Parameters  Estimation,  System  Design,  and 
Prediction  of  Cleanup  Time,'  Dr.  C.  Y.  Chiang,  Shell  Development 
Company 

Models  are  a  useful  aid  in  designing  bioremediation  systems.  It  is  imper¬ 
ative  to  the  success  of  the  design  that  the  physical  processes  at  the  site  are 
well  undcrsUx)d  and  that  site-specific  parameters  are  used  in  the  model.  A 
case  study  was  used  to  illu.strate  the  interactive  nature  of  modeling  and  data 
gathering. 

Field  data  were  gathered  and  analyzed  in  order  to  make  hypotheses  about 
the  processes  that  were  taking  place.  Modeling  was  used  in  these  analyses. 
Additional  data  collection  and  modeling  were  done  as  the  hypotheses  were 
refined.  Laboratory  studies  were  also  used  to  supplement  and  further  correlate 
the  trends  that  were  observed  from  the  field  data.  This  procedure  led  to  a 
better  understanding  of  the  proccs.scs  that  were  and  were  not  taking  place  in 
the  field. 

Modeling  was  then  used  to  aid  in  de.signing  an  injection  and  capture  sys¬ 
tem.  Multilevel  injection  wells  were  used  to  assure  the  oxygen  was  available 
to  the  entire  conLaminated  aquifer.  Pure  oxygen  at  a  concentration  of  40  ppm 
was  injected  into  the  site.  A  system  to  prevent  iron  precipitation  was  used  and 
nutrients  were  also  added.  The  nutrients  were  later  found  to  be  unnecessary. 

There  are  many  uncertainties  that  must  be  considered  when  modeling 
attenuation  or  tran.sport  prDcc.s.ses.  Some  of  these  problems  can  lead  to  what 
appear  to  be  abnormally  high  predicted  contaminant  concentrations  when  com¬ 
pared  to  field  daUi.  The  sampling  method  can  affect  apparent  concentrations 
of  contaminants.  Qirrclations  between  monitor  well  sampling  and  formation 
sampling  were  found  to  be  poor,  possibly  due  to  dilution  effects.  Water  table 
fluctuations  change  the  effective  .screen  length  and  so  affect  the  average  con¬ 
centration  of  conUiminant  at  that  sampling  point  The  source  term  is  very 
important  to  the  way  contaminants  begin  to  migrate,  and  its  accurate  definition 
can  have  significant  impact  on  the  accuracy  of  transport  models.  Partial 
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penetration  effects  can  also  be  important  in  the  model  and  must  be  considered 
when  defining  aquifer  thicknevss. 

Having  the  appropriate  regulators  involved  along  the  way  in  this  process 
was  very  important.  By  being  familiar  with  the  thought  processes  and  the 
analyses  that  were  taking  place,  the  regulators  were  willing  to  allow  some 
innovative  things  to  be  done  on  the  site. 


Selected  Questions  and  Answers  and  Panelist 
Comments 

Comment,  Dr.  Warner,  Panel  Member 

"Modeling  can  be  used  in  the  design  stage  to  consider  the  effects  of  the 
proposed  design  on  existing  groundwater  users  in  the  area  of  the  project  and 
al.so  help  to  predict  what  effects  other  new  groundwater  projects  may  have  on 
an  existing  or  proposed  remediation  system.  When  you  start  looking  at  how 
these  types  of  projects  need  to  be  operated  in  conjunction  you  will  see  that  the 
real  lesson  to  be  learned  is  it’s  not  a  trivial  problem  to  turn  a  few  wells  on  and 
solve  your  problem." 


Comment  Ms.  Carol  McKinney,  Panel  Member,  U.S.  Army  Engineer 
Disl'ict,  Kansas  City 

"We  modeled  quite  a  large  site  in  Nebraska  for  a  project.  I  was  skeptical 
about  what  a  number  of  irrigation  wells  that  were  pumping  most  of  the 
summer  would  do  to  our  plume,  and  we  modeled  that  quite  successfully.  The 
modeling  h.as  helped  us  understand  what  has  happened  at  the  site  and  to  antici¬ 
pate  having  to  shut  down  some  of  the  irrigation  wells  and  supply  water  from 
another  source  to  those  people." 


Question  to  the  Panel  from  Or.  Cullinane 

"1  was  wondering  if  anybody  has  actually  gone  back  and  looked  at  how 
the  system  actually  performed  and  compared  that  to  the  initial  modeling  effort 
and  tried  to  decide  whether  or  not  the  model  was  actually  a  succc.ss?" 

Dr.  Chiang’s  comparison  of  the  actual  capture  zone  (as  determined  by  head 
d.ita  from  monitoring  wells  and  piezometers)  to  the  flow  model  predictions  of 
capture  showed  complete  agreement  Dr.  Brubaker  commented  that  whenever 
you  have  injection  into  an  aquifer,  you  should  use  modeling  to  control 
hydraulic  gradients.  Without  using  modeling  in  conjunction  with  trial  and 
error,  you  can  get  very  far  along  in  your  project  before  you  are  able  to 
determine  if  you  are  getting  the  type  of  performance  you  need. 
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Question  to  Dr.  Chiang  from  unidentified  speaker 


*Wtaat  model  did  you  use  to  help  design  your  extraction  and  injection  sys¬ 
tem?”  He  proposed  that  BIOPLUME,  basically  the  USCS  Method  of  Charac¬ 
teristics  (MOQ  model  (Konikow  and  Bredehoeft  1978;  Goode  and  Konikow 
1989),  was  use^ 


Question  to  the  Panel  from  Mr.  W.  Dickinson  Burrows,  Biomedical 
Research  and  Development  Laboratory 

”Is  there  any  need  to  continue  developing  a  method  of  estimating  physical, 
chemical  properties  for  organic  materials:  solubility,  absorption,  partition 
coefficients?”  Mr.  Koch  replied  that  the  two  greatest  sources  of  uncertainty  in 
his  transport  modeling  are  the  source  term  and  the  contaminant/soil  adsorption 
characteristics,  so  more  work  is  needed  in  this  area. 


Question  to  Panel  from  Mr.  White 

”We  are  having  massive  problems  with  biofouling  of  some  sort  or  other  in 
otherwise  productive  wells.  Is  there  any  way  to  model  this  problem?” 

Dr.  Stewart  at  the  University  of  Buffalo  has  done  a  lot  of  work  in  modeling 
those  efforts  using  the  basic  biofilm  modeling  processes,  so  there  is  a  mecha¬ 
nism  to  model  this.  Most  of  the  work  has  been  done  in  laboratory  scale,  col¬ 
umns,  and  niters,  and  they  work.  But  there  is  some  work  out  there  and  some 
modeling. 


Summary 

Many  good  ideas  were  expressed  during  the  panel  discussion  related  not 
only  to  operation  and  monitoring  of  remediation  activities,  but  to  all  aspects  of 
environmental  restoration.  The  research  and  development  needs  that  were 
identified  and  major  points  from  the  panel  discussion  follow. 


Research  and  development  needs 

Methods  are  needed  to  quantify  the  biological,  geochemical,  and 
hydrogeological  processes  that  are  occurring  and  how  they  interrelate. 

Development  of  a  process  to  determine  the  cost-benefit  ratio  of  numerical 
modeling  is  needed.  How  do  professionals  quantify  to  management  and 
customers  the  potential  benefit  of  undertaking  a  costly,  time-consuming 
modeling  project  when  they  want  to  see  action  instead  of  more  study? 

Ways  to  better  characterize  source  terms  are  needed  in  order  to  improve  the 
predictive  capabilities  of  contaminant  uansport  modeling  activities.  Better 
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definition  of  the  processes  such  as  dispersion  that  affect  bioremediation  are 
needed. 

Benefits  could  be  gained  by  developing  software  to  help  relate  model  input 
and  output  to  data  management  and  presentation  software  such  as  GIS’s. 


Major  points 

The  need  to  maintain  continuity  between  successive  modeling  activities  on 
a  project  was  stressed.  Many  instances  were  cited  when  activities  needed  to  be 
tied  into  earlier  modeling  studies  that  were  no  longer  available.  Guidance  on 
minimum  documentation  requirements  for  every  modeling  activity  would  help 
to  establish  continuity. 

In  situ  remediation  technologies  are  still  fairly  new.  There  are  many  uses 
for  models  in  the  design  and  operation  ot  such  systems.  Modeling  can  be  very 
useful  in  helping  to  determine  the  types  and  placement  of  monitoring  devices 
needed  to  accurately  evaluate  performance. 

The  operation?!  complexity  of  groundwater  remediation  projects  was 
emphasized.  Modeling  was  illustrated  as  a  very  important  tool  in  optimizing 
the  efficiency  of  a  pump-and-treat  system. 

Everyone  must  consider  at  the  beginning  of  any  modeling  activity  how 
success  is  to  be  definea.  Comparison  of  the  model  predictions  to  actual  field 
data  gathered  after  implementation  of  a  remediation  activity  should  be  a  part  of 
every  project. 

The  concern  that  seemed  to  echo  throughout  the  workshop  was  people  did 
not  feel  they  had  the  knowledge  and  other  resources  at  their  disposal  to  take 
full  advantage  of  the  powerful  tool  that  numerical  modeling  can  be.  Develop¬ 
ment  of  general  and  specific  guidance  to  aid  people  in  making  better  use  of 
groundwater  modeling  and  having  appropriate  training  available  are  necessary 
to  alleviate  this  concern. 
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7  Technology  Transfer 
Mechanisms 


The  Army  User  Community 

The  workshop  and  the  questionnaire  defined  a  near-term  technology  transfer 
challenge  to  bring  the  state  of  Army  practice  in  in-house  groundwater  model¬ 
ing  and  in  Army  contractor  groundwater  modeling  closer  to  the  state  of  the  art 
(see  Summary,  page  vii,  subparagraphs  b,  d,  and  e,  and  page  viii,  subpara¬ 
graphs  d,  e,  and  A).  Indeed,  many  of  the  findings  in  the  Summary  deal  with 
the  user  community  consensus  that  state-of-the-art  computer  codes  are  avail¬ 
able  but  the  knowledge  and  experience  on  how  and  when  to  use  these  codes 
are  not  in  the  hands  of  in-house  Army  users.  Training,  guidance  (technical 
manuals;  standard  scopes  of  work;  and  specifications  for  contracting,  planning 
checklists,  and  product  review  checklists,  etc.),  and  a  source  for  in-house 
technical  assistance  were  suggested. 

The  Army  user  community  can  be  divided  by  role.  First,  there  are  those 
who  are  concerned  with  the  technical  management  of  the  risk  assessments, 
remedial  investigation,  remediation,  and/or  postremediation  monitoring  at  a 
given  site.  They  make  decisions  as  to  what  project  and  modeling  objectives 
are  and  whether  or  what  general  kind  of  numerical  modeling  should  be  done 
and  when  (see  Figure  24).  Second,  there  are  those  who  execute  all  or  parts  of 
the  modeling  process  (again,  see  Figure  24)  when  the  work  is  done  in  house. 
These  people  set  up  the  data,  run  the  groundwater  codes,  and  analyze  the  out¬ 
put  Finally,  there  are  those  who  write  the  scopes  of  work  for  contractor 
modeling,  technically  monitor  contractor  efforts,  and  technically  review  the 
contractor’s  product  Ideally,  people  in  this  third  group  should  be  people  who 
have  had  extensive  expenence  in  the  second  group  so  they  will  be  smart 
buyers  of  technology.  In  many  instances.  Army  individuals  are  performing 
some  of  these  roles  at  the  same  time. 


Near-Term  Means  of  Transferring  Technology 
(1-2  years) 

The  users  recognized  that  the  fundamental  kernel  of  groundwater  modeling 
technology  is  knowledge  and  experience  and  that  all  else  was  a  means  toward 
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that  end.  The  presentation  and  especially  the  discussion  of  case  histories  of 
use  of  groundwater  modeling  in  Army  and  other  HTW  problems  presented  at 
the  workshop  proved  to  be  beneFicial  for  the  participants.  Learning  took  place 
through  the  sharing  of  experiences  and  guidance  by  peers.  This  is  a  most 
effective  way  tc  help  everyone  grow  on  the  experience  curve.  It  is  recom¬ 
mended  that  an  Army  Groundwater  Modeling  Workshop  (note  the  minor 
change  of  title)  be  continued  on  an  annual  or  biannual  basis.  Emphasis  would 
be  on  sharing  of  experiences  from  case  histories  and  the  state-of-the-art 
improvements. 

Based  on  user  comments,  the  Army  today  has  at  least  100  individuals 
needing  varying  forms  of  training  in  groundwater  modeling  for  HTW  appli¬ 
cations.  Based  on  reasonable  employee  turnover,  it  can  be  anticipated  that 
even  when  this  need  is  filled,  there  will  be  enough  new  people  needing  train¬ 
ing  to  support  a  continuing  PROSPECT  Course^  every  few  years. 

As  a  prelude  to  such  a  course,  a  committee  should  establish  a  curriculum 
that  involves  a  concise  representation  of  the  fundamental  principles  and  proc¬ 
esses  and  hands-on  (i.e.,  a  learning  laboratory)  set  up,  execution,  and  inter¬ 
pretation  of  results  from  groundwater  flow  and  transport  models.  Rather  than 
rushing  into  adopting  a  curriculum  for  a  formal  PROSPECT  course,  the  first 
attempt  at  this  training  event  should  be  a  workshop  (possibly  2  weeks  dura¬ 
tion)  using  a  mix  of  in-house  and  academic  resources.  This  will  allow  faster 
response  to  the  field  need  than  a  formal  course  and  will  provide  room  for 
some  experimentation  with  the  trailing  scenario  before  finalizing  the  curricu¬ 
lum  for  a  PROSPECT  course. 

Checklists  for  (a)  developing  scopes  of  work,  (b)  report  content,  and 
(c)  report  review  for  contracted  groundwater  modeling  efforts  are  needed  and 
could  be  developed  in  the  near  term.  Example  decision  trees  and  benefits/ 
limitations  checklists  could  be  developed  to  help  accomplish  the  processes 
described  in  Figures  24  and  25.  A  task  group  of  experienced  model  users 
from  government,  industry,  and  ac.idemia  should  be  established  to  develop 
these  checklists.  Users  al.so  asked  for  time  and  cost  estimating  guidelines  for 
groundwater  modeling  studies.  Information  on  cost  and  duration  of  past  stud¬ 
ies  could  be  collected  and  provided  to  those  planning  future  in-house  and 
contract  efforts  in  this  area. 

The  RMA  review  panel  (page  32)  is  a  concept  that  should  be  more  widely 
used  and  could  be  implemented  quickly.  This  is  technology  transfer  via  the 
use  of  a  small  group  of  consultants  who  are  at  the  cutting  edge  of  the  state  of 
the  art  to  impart  just  enough  of  the  best  technology  to  the  project  staff 


*  A  1-week  PROSPECT  Course  tenlativciy  enlitled  'Geolechntcal  Aspects  of  Hazardous  and 
Toxic  Waste  Sites’  is  presently  under  development  by  the  Corps  and  scheduled  Tor  first  presen¬ 
tation  in  May  1993.  It  will  not  teach  how  to  do  numerical  modeling  of  groundwater  flow  trans¬ 
port  but  will  provide  an  awareness  that  technology  exists  in  this  area. 

PROSPECT  is  an  acronym  lor  'Proponent  Sponsored  Engineer  Corps  Training,"  which  is  a 
large  body  of  technical,  management,  and  administrative  short  courses  established  by  the  Corps 
and  managed  by  the  US  Army  Engineer  Division,  Huntsville. 
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responsible  for  action  to  get  a  good  solution  to  a  site-specific  problem. 
Funding  vehicles  could  be  established  to  enable  the  entire  Army  HTW  com¬ 
munity  to  use  these  consultants  (a  small  group  of  recognized  experts  from 
academia,  various  Corps  organizations,  and/or  other  Federal  agencies)  for  this 
purpose. 


Midterm  Technology  Transfer  (2-5  years) 

Guidance  taken  to  its  logical  conclusion  includes  a  technical  manual  on 
groundwater  modeling.  Indeed,  conference  and  survey  participants  asked  for 
such  a  manual.  Preparing  such  a  comprehensive  document  is  a  major  project. 
The  manual  would  be  comparable  to  a  major  textbook.  If  it  is  to  be  a  reason¬ 
ably  sized  document,  its  development  must  be  preceded  by  choices  of 

(a)  which  few  of  the  numerous  existing  groundwater  flow  and  transport  codes 
it  is  to  be  vnitten  around  (van  der  Heijde,  El-Kadi,  and  Williams  1988), 

(b)  whether  to  repeat  (for  the  s-rke  of  having  ail  the  information  in  one  place) 
or  just  supplement  the  information  available  in  existing  code  documentation, 

(c)  whether  to  include  software  with  the  manual,  (d)  whether  to  improve  cer¬ 
tain  of  the  software  to  make  it  easier  to  use  (easier  input/output)  before  pro¬ 
mulgating  it,  (e)  what  kinds  of  examples  to  include  in  the  manual,  and  (f)  how 
to  teach  the  process  of  reviewing  siie  investigation  results,  developing  a  con¬ 
ceptual  model  of  the  site,  and  how  to  select  model  input  parameters  from  site 
investigation  data.  The  reason  this  manual  is  proposal  for  the  midterm 
category  (although  the  field  says  the  need  is  immediate)  is  related  to  items  (a)- 

(d) .  A  Corps  research  and  development  Work  Unit  entitled  "Groundwatbr 
Model  Assessment"  is  scheduled  to  be  completed  in  Fiscal  Year  1994.  Its 
products  in  1993  will  provide  management  with  the  information  needed  to 
decide  items  (a)-(d).  Another  reason  is  that  the  development  of  a  comprehen¬ 
sive  technical  manual  is  not  a  short  or  easy  technical  task,  and  once  the  infor¬ 
mation  (items  (a)-(d))  is  available,  there  is  at  least  a  year’s  effort  involved  in 
creating  the  document 

Consideration  should  be  given  to  the  establishment  of  an  in-house  technical 
center  of  expertise  in  numerical  modeling  of  HTW  groundwater  flow  and 
traneport  that  the  Army  could  draw  upon  either  to  do  numerical  modeling  for 
them  or  technically  advise  a  Contracting  Officer’s  Representative  in  the  con¬ 
tracting  of  the  work.  'H  ..  center  would  be  an  environment  where  hands-on 
experience  would  reside  (and  could  be  increased  by  on-the-job  training).  The 
other  midterm  technology  transfer  involve:,  longer  term  training.  In  past  years, 
when  the  Corps  felt  the  need  for  more  exte.isive  training  in  soil  mechanics 
than  could  be  provided  in  a  2-wcek  short  course,  a  120-day  annual  course  was 
set  up  at  Harvard  (later  moved  to  University  of  California  at  Berkeley).  A 
similar  program  in  rock  mechanics  was  set  up  by  the  Corps  and  operated  for  a 
number  of  years,  and  there  is  a  currently  operating  program  in  coastal  engi- 
nr^ering.  These  courses  were  and  are  eminently  successful  in  bringing 
technology  into  Corps  district  offices.  An  analogous  program  emphasizing 
hydrogeology  with  a  strong  emphasis  on  numerical  groundwater  modeling 
should  be  considered.  The  size  of  the  Army  need  for  this  kind  of  course,  its 
costs,  and  its  benefits  should  be  evaluated. 
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Planning  technology  transfer  and  especially  resourcing  the  training  portion 
of  technology  transfer  will  he  impacted  by  the  Army’s  choice  as  to  the 
optimum  mix  of  in-house  and  a>ntracu>r  efforts  in  this  area.  It  is  clear  that  the 
Army  needs  continue  and  expand  in-hou.sc  gmundw'atcr  tTH'>deling  practice 
bccau.se 

a.  The  Army,  as  a  minimum,  needs  to  do  enough  HTW  groundwater 

modeling  in  house  to  train  its  future  key  staff  to  be  smart  buyers  of  con¬ 
tracted  modeling  work  and  smart  technical  decision  makers. 

h.  As  indicated  in  the  survey  results  for  question  3,  page  6,  in  the  next 
5  years,  the  Army  has  a  significant  number  of  groundwater  modeling 
studies  planned.  Based  on  past  history  (see  Figure  12),  at  lca.st  20  per¬ 
cent  will  be  done  in  hou.se.  ^^'hilc  the  survey  did  not  ask  the  users  to 
look  beyond  5  years,  it  is  certain  that  the  need  for  in-house  groundwater 
modeling  expertise  will  continue  to  gmw. 


Long-Term  Technology  Transfer  (Greater  than 
5  years) 


The  workshop  did  not  addre.ss  long-term  technology  transfer.  However,  if 
groundwater  modeling  rc.scarch  is  to  be  done  by  the  Qirps  an  obvious  lcs.son 
the  workshop  teaches  is  that  the  technology  transfer  of  rascarch  results  should 
be  carefully  planned  and  resourced. 

The  Army  environmental  restoration  programs  arc  moving  very  fast.  They 
arc  pictured  as  short-term  programs  where  contamination  problems  will  be 
corrected  in  the  near  term.  One  target  date  was  to  have  all  remedial  actions 
underway  by  the  yc;ir  20(K).  Even  if  this  schedule  is  met,  the  need  to  use 
gomndwater  modeling  in  postremediation  monitoring  will  still  remain.  In 
order  to  assure  continued  succe.s.s  in  the  future,  the  value  of  groundwater 
modeling  must  be  revogni/ed  and  plans  need  to  be  made  now  to  be  able  to 
meet  future  needs. 
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Th«  Rol*  of  Croundwacer  Modeling  in  Aray  Acclvtcles 
Army  Croundwacer  Modeling  Use  and  Needs  Uorkshop 
31  March  1992  -  1  April  1992 

by 

Mr.  Jia  Ballif 

Chief,  Environaenc  and  Chealcal  Engineering  Branch 
Environaencal  Restoration  Division  -  HQUSACE 


In  this  application  by  the  Aray  Activities  being  spoken  of  are  Che  HTRU 
activities  in  these  prograas: 

Installation  Restoration 
Foraerly  Used  Defense  Sices 
Base  Realignaenc  and  Closure 
Super fund 
Civil  Works 

The  Installation  Restoration  Prograa  addresses  the  decerainacion  and 
reaedlacion  of  environaencal  daaage  caused  by  past  disposal  practices  at  active 
allicary  installations. 

The  Foraerly  Used  Defense  sites  prograa  addresses  the  saae  types  of 
environaencal  problens  caused  by  DOD  activities  on  property  chat  was  once 
controlled  by  DOD. 

BRAC  addresses  Che  reaedlacion  of  existing  environaencal  daaage  on  allicary 
InsCallaCions  which  are  closing  and  are  planned  for  return  to  ocher  DOD  purposes. 

Superfund  is  the  EFA  prograa  to  reaediate  the  worst  uncontrolled  hazardous 
waste  sites  across  Che  country.  The  Corps  designs  and  reaedtaces  the  sices  for 
which  EFA  has  adopted  a  plan  of  reaediatlon. 

The  Corps'  Civil  Works  prograa  soaeciaes  encounters  hazardous  wasce  when 
planning,  designing,  conscruccion  or  operating  its  water  resource  projects.  The 
Corps  ausc  evaluate  potential  cost  increases  and  delays  to  a  project  caused  by 
the  presence  of  hazardous  wasce  and  then  deceralne  how  to  address  it  if  there  is 
no  sponsor  involved. 

These  prograas  have  been  growing  rapidly.  Soae  prograas  are  beginning  to 
level  out  while  others  are  still  growing.  Croundwacer  concaainatlon  is  a  problea 
for  the  aajority  of  the  projects  in  these  prograas. 

We  are  aandat..-*  to  accoaplish  reaedlacion  work  as  rapidly  as  possible.  To 
do  so  in  a  technically  sound  fashion  in  order  to  deliver  a  quality  project  is  our 
challenge.  In  order  to  aeec  that  challenge  we  aust  aake  good  use  of  all  the 
Cools  chat  are  available  as  well  as  find  new  ones. 
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Ua  all  know  how  difflculc  groundwacar  problau  ara  co  undaracand  and 
raaadlaca  alflclancly.  Ona  of  tha  tools  availabla  for  chia  caak  la  groundwacar 
■oda ling. 

But  that  la  Just  what  It  la,  a  cool.  I  hopa  this  workahop  will  giva  us  all 
a  batter  understanding  how  groundwater  aodellng  la  being  used  in  tha  area  of 
hazardous  wasca  reMdlaelon  within  tha  Anqr,  will  create  an  aCansphare  of  idea 
exchange  and  mutual  support  among  the  people  using  groundwater  modeling  in  the 
Amy,  and  will  enable  your  HQ  and  the  R&O  community  co  provide  appropriate 
guidance  and  support  in  the  future. 


AppdodI*  A  Papers.  Abstracts,  and/or  Vugrapbs 


INSTKtXJkTION  RESTORATION! 

SITE  INVESTIGATIOH/CHARACIERIZAXION  AND  REMEDIATION 


PraMntAtion  by  Dr.  N.  John  CulllnAna,  WES 


Thla  praaancation  will  provlda  an  ovarviaw  of  tha  Inatallation  Raatoration 
portion  of  tha  Environaiantal  guality  Tachnoloqy  proqraa  with  an  anphaaia  on 
groundwatar  problaais.  Tha  priaiary  objactiva  ia  to  anhanca  tha  'capability  of 
tha  Aray  to  oaat  its  anvirennantal  obligations  to  protact  tha  public  haalth  and 
anvironaant.  Tha  primary  rasaarch  affort  is  on  military  uniqua  contaminants. 
Inatallatlon  Rsatoration  rasaarch  and  davalopmant  activitias  hava  baan  dividad 
into  t%io  malor  thrust  araast  Sits  Invastigation/  Charactarlsation  and  Sita 
Ramsdiatlon.  Each  major  thrust  araa  will  ba  daacribad  particularly  as  it 
ralatas  to  groundwatar  and  groundwatar  modaling.  Including  major  RED 
activltias,  past  accomplishmants  and  futura  work  afforts.  Tha 
intarralationship  of  tha  work  effort  with  tha  Installation  Rastoration  will  ba 
prasantad. 
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Installation  Restoration 
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ENVIRONMENTAL  QUALITY  TECHNOLOGY  PROGRAM 
INSTALLATION  RESTORATION 

I  r;  ri?  I  classes  of  contaminants 
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•  IMPROVE  RISK  ASSESSMENT  TECHNOLOGIES 

•  SUPPORT  BASIC  AND  APPLIED  TECHNOLOGY  RESEARCH 


>  WASTE  SITE  INVESTIGATION  /  CHARACTERIZATION 
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Site  Characterization  Costs 
Subsurface  Invertijjation  and 
Screeninq  Samph  Costs 
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•  DEVELOP  OR  ADAPT  TECHNIQUES  TO  INCORPORATE 
GROUNDWATER  MODELING  INTO  REMEDIAL 
ALTERNATIVE  EVALUATION 

•  VERIFY  AND  DEMONSTRATE  GROUNDWATER  MODELS 
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Low-cost  techniques;  1/3-1/2  as  costly  as  incineration. 
Testing  showed  total  explosives  were  reduced  by  99%. 
End  product  Is  agriculturally  enriched  and  'jsable  as  fill. 

Full  scale  remediation,  using  composting,  planned  for 
NPL  site  at  Umatilla  Depot  Activity  for  1991*1992. 
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Remediation  Time  Line 


s  »- 


Z  Cl 

as 

(/) 

hi  iifz 

2l8 

-I 

E  30. 
S  2X 

s  cu. 
goo 


.  M 


•  1  i-.L^ 


tu 
z  S 
o>- 

iu> 

9^t£ 

<IUJ 

ou-  5 

O 

<z  z 
buJ  3 
qS  O 

<  lU 

oc  Q 

51- U4 
X  ^  ^ 

lU  o  ~ 

«Q^ 

o»d  Z 

>.2  o 
u.m  o 


CO  z 
ui  — 

z>  z 
0(0  o 

Ui  Q  UI 

s^s 

o  “  o 

£0  s 


Appendix  A  Papers,  Abstracts  andor  Vugraphs 


Mcuuai 


Panel  1 :  Groundwater  Problems,  User  Needs  and 
Model  Use 


Anderson,  Brian.  "DescripUon  of  Ground  Water  Modeling  Experience  for 
Pl/FS  at  RMA" 

Masoud,  Khaled.  "Overview  of  Major  Remedial  Investigation/Fcasibility 
Study  (RI/FS)  Work  in  Edgewood  Area  (EA)  of  Aberdeen  Proving  Ground 
(APG),  MD,  as  Related  to  Groundwater  (G>^  Modeling  and  Its  Needs" 

Baker,  Fred  G.  "Development  of  Groundwater  Modeling  Objectives  and 
Performance  Criteria" 
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Overview  of  Msjor  Renedlal  Invescigation/Feasibllity  Study  (RI/FS) 
Work  in  Edgewood  Area  (EA)  of  Aberdeen  Proving  Ground  (APG) ,  NO, 
As  Related  to  Groundwater  (GU)  Modeling  and  Its  Needs 

by 

Rhaled  M.  Nasoud.  P.E. 

US  Amy  Corps  of  Engineers,  Baltimore  District 
31  Hopkins  Plaza,  Baltimore,  Maryland  21201 
31  March  1992 


Throughout  its  history  as  a  military  installation  (dating  from  1917),  EA 
of  APG  has  been  the  primary  chemical  warfare  research  and  development  center 
for  Che  United  States.  A  Federal  Facility  Agreement  was  signed  between  Envi¬ 
ronmental  Protection  Agency  and  APG  in  March  1991.  All  of  EA  has  been  identi¬ 
fied  as  a  National  Priority  List  site.  Uich  Exception  of  Canal  Creek  area, 
0-field,  and  J-field,  all  Che  RI/FS  work  EA  is  conducted  under  a  Memorandum  of 
Understanding  executed  among  APG,  Waterways  Experiment  Station  (WES),  and 
Baltimore  District  (NAB)  in  February  1991.  Canal  Creek,  0-field,  and  J-field 
RI/FS  work  has  been  underway  since  mid  eighties. 

The  major  RI  work  in  EA  conducted  by  WES  and  NAB  involves  ISl  Solid 
Waste  Management  Units  divided  into  SS  clusters.  The  clusters  fall  in  four 
(U)  major  areas;  Bush  River,  Lauderick  Creek,  Westwood,  and  Other  Edgewood 
areas.  RI  underway  in  support  of  GW  modeling  includes  geotechnical  borings 
and  electronic  logging,  conducting  paleochannels  study,  well  installations  and 
development,  slug  tests.  Total  Organic  Carbon  measurements,  investigating 
potential  Biofouling  problems,  sampling  and  analysis  (soil,  sediment,  surface 
water,  and  groundwater).  Cost  reduction  was  possible  by  developing  downhole- 
magnetometer  methodology  for  drilling  in  lieu  of  remote  control  drilling  from 
behind  bombproof  shelters. 

WES  and  NAB  are  studying  Che  GW  modeling  work  conducted  by  USGS  in  Canal 
Creek  and  0-field  areas  and  also  reviewing  Che  Rocky  Mountain  Arsenal  Experi¬ 
ence  in  GW  modeling  for  lessons  learned,  and  reviewing  the  state  of  the  arc  to 
identify  future  GW  modeling  needs  early  in  the  RI  phase.  The  consensus  seems 
CO  indicate  that  there  is  a  critical  need  to  utilize  and  introduce  state  of 
the  arc  geosCatistical  and  probability  techniques  in  reducing  Che  uncertainty 
and  variability  in  the  hydrogeological  parameters  (e.g.  conductivity,  trans¬ 
missivity,  etc.)  that  are  critical  factors  in  a  reliable  GW  model. 
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DEVELOPMF.NTOF  GROUNDWATER  MODEUNG 
OBJECTIVES  AND  PERFORMANCE  CRITERIA 


% 


Fred  G.  Baker.  Ph.D.,  P.E. 
Baker  Consultants,  Inc 
2970  Howell  Road,  Golden,  CO  80401 
Phone  (303)  278-1179 


I.  INTRODUCTION 

Mathematical  groundwater  (low  and  solute  transport  models  are  being  widely  used  in  engineering  geology, 
hydrogeology,  environmental  sciences,  and  hazardous  waste  remediation  studies  (National  Research  Council, 
1990).  These  models  can  be  used  as  tools  to  evaluate  simple  or  complex  bydrogeologic  regimes,  estimate  the 
direction  and  rate  of  migration  of  solute  or  contaminant  plumes  in  groundwater,  design  remediation  systems 
for  contaminated  groundwater,  and  for  many  other  applications.  Given  this  broad  range  of  potential  modeling 
uses,  it  is  clear  that  an  equally  broad  range  of  models  can  be  developed  to  meet  the  needs  of  a  specific 
application. 

The  value  of  a  model  as  a  tool  for  solving  a  given  problem  depends  on  a  number  of  factors  including  the 
ability  of  the  model  to  address  modeling  objectives  and  to  meet  performance  criteria  established  for  the 
application  of  the  model.  It  is  important  that  modeling  ol^ectives  be  carefully  formulated  and  documented 
so  that  they  can  serve  as  the  basis  for  model  development.  When  modeling  objectives  are  not  clearly  or 
completely  defined  during  groundwater  investigations,  it  is  possible  that  the  model  will  not  meet  its  staled 
objectives,  and  users,  clients,  or  regulators  relying  on  the  outcome  of  the  modeling  work  may  become 
disillusioned  with  model  results.  Disillusionment  occurs  because  users  perceive  that  the  groundwater 
modeling  effort  does  not  fulffll  project  expectations  or  needs,  and  as  a  result,  they  become  dissatisfied  with 
the  specific  model  application  and,  potentially,  with  modeling  in  general.  Therefore,  in  nearly  all  model 
applications,  the  development  and  clear  definition  of  ol^ectives  is  an  essential  planning  step  that  must  be 
carried  out  before  the  modeling  effort  is  initiated. 

It  is  equally  important  for  model  performance  criteria  to  be  established  at  the  beginning  of  the  project  as  part 
of  the  planning  process.  Performance  criteria  provide  an  important  mechanism  by  which  the  model  can  be 
evaluated  to  determine  whether  the  stated  modeling  objectives  have  been  achieved.  In  addition,  these  criteria 
assist  the  modeler  and  the  client  to  focus  on  the  information,  level  of  effort,  and  degree  of  sophistication 
required  to  meet  the  modeling  objectives.  Model  performance  criteria  provide  a  self-imposed  test  of  whether 
the  model  application  is  consistent  with  the  established  expectations  for  the  work. 

II.  MODELING  OBJECTIVES 

The  development  of  groundwater  modeling  objectives  is  a  critical  component  of  the  modeling  process. 
Modeling  objectives  are  established  to  ensure  that  the  model  application  meets  its  intended  purpose.  For  a 
model  application  to  be  completely  successful,  it  must  meet  all  stated  objectives  and  be  applicable  to  the 
intended  modeling  use.  If  the  model  does  not  meet  all  of  the  modeling  objectives,  it  can  only  be  partially 
successful.  In  seme  cases,  a  perfectly  good  model  may  be  developed,  but  it  may  not  be  appropriate  for  the 
intended  use;  such  a  model  has  to  be  considered  a  failure  because  it  does  not  achieve  the  intended  goals. 

Modeling  objectives  for  a  groundwater  model  application  consist  of  a  statement  or  series  of  statements  that 
define:  (1)  the  major  attributes  of  the  hydrogeologic  system  and  assumptions  about  bow  the  .system  .s  going 
to  be  modeled:  (2)  calibration  criteria;  (3)  the  intended  use  of  the  model  once  it  has  been  calibrated;  and. 
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(4)  expected  limitaiions  of  the  model.  The  major  assumptions  about  the  model  depend  on  how  completely 
the  mathematical  model  attempts  to  describe  the  conceptual  model,  components  of  the  hvdrogeologic  system, 
initial  and  boundary  conditions,  aquiferor  transport  properties,  overall  model  behavior,  and  specific  properties 
or  behavior  that  the  model  is  expected  to  represent.  The  calibration  criteria  are  the  standards  against  which 
the  model  will  be  tested  during  calibration  and  the  standard  of  performance  deemed  necessary  for  the 
succc.ssful  application  of  the  model  to  its  intended  use.  The  calibration  criteria  may  represent  a  subset  of  the 
overall  niodel  pcrfonnance  criteria.  The  intended  use  of  the  model  should  be  clearly  defined  including  the 
overall  purpiise.  general  and  specific  applications,  level  of  .viphistication  of  problems  tO’  be  solved,  and  how 
particular  problems  arc  to  be  addressed.  It  is  also  appropriate  to  explain  how  the  performance  criteria  relate 
to  the  planned  use.  Finally,  the  limitations  to  model  use  and  the  expected  sources  and  relative  magnitude  of 
uncertainty  snould  be  stated.  The  limitations  may  simply  be  a  restriction  to  steady-state  conditions,  low  water 
table  periods,  or  two-dimensional  flow.  Ihe  limitations  of  input  data  and  estimated  aquifer  and  transport 
parameters  used  in  the  model  should  be  pointed  out  along  with  any  corresponding  limitations  in  model  output. 
Any  other  limitations  that  may  affect  the  use  or  interpretation  of  simulated  results  should  also  be 
acknowledged. 

Modeling  objectives  should  be  established  very  early  in  the  modeling  process  because  they  drive  decisions 
made  throughout  the  modeling  effort.  The  objectives  should  be  viewed  as  a  statement  of  the  goals  that  will 
allow  the  model  to  be  used  as  a  tool  for  the  intended  purpose.  Ot^ectives  that  are  defined  at  the  outset  of 
modeling  can  t/e  used  as  a  basis  for  decisions  such  as  model  selection,  evaluation  of  caUbration  progress,  and 
evaluation  of  the  appropriateness  of  the  final  model  for  the  intended  use.  During  the  modeling  process,  the 
objectives  should  be  frequently  reviewed  to  determine  whether  the  model  and  available  data  can  support  the 
objectives,  and  to  evaluate  whether  the  objcctivc.s  can  be  met  given  existing  data  gaps,  uncertainty  in  the 
available  data,  and  any  other  constraints  to  level  of  effort,  budget,  or  schedule.  If  any  of  these  factors  suggest 
that  the  resulting  model  will  not  be  adequate  to  meet  the  stated  modeling  objectives,  then  the  objectives  and 
modeling  approach  .should  be  reviewed.  If  information  about  the  hydrogeologic  system  is  insufficient  to 
support  the  required  modeling  effort,  then  additional  data  should  Fe  collected,  or  the  objectives  should  be 
modified  to  reflect  the  timitatioas  of  the  modeling  application.  In  either  case,  ti,c  modeling  objectives  should 
be  reviewed  and  adjustments  made  as  necessary.  Frequent  review  and  evaluation  of  the  model  against  the 
objectives  will  help  to  keep  the  modeling  effort  on  track  and  allow  the  model  to  meet  expectations. 


III.  MOPF.  T.HFORMANCf-:  CRfriiRlA 

The  development  of  groundwater  model  performance  criteria  represents  another  step  in  the  modeling  process. 
These  criteria  arc  established  at  th"  outset  of  modeling  to  provide  a  basis  for  evaluation  of  overall  model 
performance  as  well  as  to  test  the  mathematical  accuracy  of  the  model.  Performance  criteria  can  be  used  to 
a.sscss  whether  the  model  meets  modeling  objectives  and  specific  cffictenvy  and  accuracy  goals.  II  the 
performance  criteria  are  not  met.  then  additional  work  is  required  to  bring  the  model  to  an  acceptable  level 
of  performance. 

Performance  criteria  consist  of  standards  of  performance  for  the  model  as  a  whole  as  well  as  .specific  modeling 
standards.  These  may  include  the  overall  appropriateness  of  the  modeling  approach  and  procedures  u.scd  for 
construction  of  the  model,  representativeness  and  completeness  of  modeling  results,  comparabilitv  of  results 
from  other  model  representations,  model  dimensionality  or  discretization  goals,  model  cfficicncvor  run-time 
criteria,  model  precision,  and  calibration  or  accuracy  goals.  The  appropriateness  of  the  modeling  approach 
and  model  construction  depend  on  the  rca.sonahlcne»sof  the  assumptions  made  during  the  setup  of  the  model, 
and  in  the  approach  taken  to  model  construction.  The  representativeness  and  completeness  of  model  results 
reflect  how  well  the  mathematical  model  reprc.scnts  the  components  and  behavior  of  the  hydrogeologic  system 
that  are  expected  based  on  the  conceptual  model.  Tlic  comparabilitv  of  model  results  with  the  results  of  other 
ri  j.sonable  models  provides  a  test  of  the  consistency  of  modeling  assumptions  and  a  represen'  stion  of  es.scniial 
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priMxs.'^s  and  behavior.  This  can  represent  a  form  of  model  vahdation  if  properly  posed.  Model 
dimensionalily  and  discretization  goals  should  be  appropriate  and  realistic  so  that  they  can  represent  the 
amdilions  being  simulated,  meet  minimum  application  needs,  and  be  consistent  with  numencal  modeling 
constraints.  Model  efficiency  and  run-time  constraints  include  transportability  and  operating  environment 
constraints  as  well  as  hardware,  software,  and  tum-around  time  goals.  Model  precision  goals  refer  to  the 
reproducibility  of  predicted  results  and  reduction  of  uncertainty  due  to  modeling  methods.  Finally,  calibration 
or  acruraq,'  goals  can  be  establisiied  to  venfy  that  the  model  reproduces  observed  data  within  an  acceptable 
level  of  bias  or  systematic  error.  Hus  is  usually  evaluated  by  comparison  of  simulated  output  with  observed 
measurements  of  variables  such  as  groundwater  surface  elevation,  solute  concentration,  or  hydraulic  gradient. 
The  basis  for  the  comparison  is  frequently  the  minimization  of  residuals  or  differences  between  observed  and 
simulated  values. 


SUMMARY 


Groundwater  modeling  objectives  and  performance  criteria  need  to  be  developed  and  clearly  defined  during 
the  planning  of  any  modeling  effort.  If  they  are  developed  early  in  the  modeling  process,  they  can  be  used 
as  a  basis  for  decLsions  made  throughout  the  process,  and  consequently,  ensure  th  I  the  model  will  be  suitable 
for  the  model  application.  The  development  of  objeaives  and  performance  criteria  can  lead  to  the  creation 
of  useful  and  unambiguous  model  applications. 
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Groundwater  Models  and  Remedial  Investigation 


Franklin  W.  Schwartz 
Department  of  Geological  Sciences 
'*'he  Ohio  State  University 
Room  283  Scott  Hall,  1090  Carmack  Rd 
Columbus,  CH  43210 


ABSTRACT 

The  objective  of  this  presentation  is  to  identify  two  key 
roles  that  groundwater  flow  and  contauninant  transport  models  might 
play  in  a  remedial  investigation.  The  first  contribution  that  a 
model  can  make  is  to  alter  conventional  thinking  about  what 
remedial  investigations  are  all  about  and  how  they  should  be 
conducced.  There  is  a  variety  of  evidence  to  suggest  that  increased 
knowledge  and  understanding  about  a  site  that  naturally  falls  out 
of  a  model-based  conceptualization  will  reduce  the  costs  of 
remediation. 

In  terms  of  the  "styles"  of  remedial  investigation,  the 
conventional  approach  provides  fundamentally  less  useful 
information  about  a  site  and  problem  than  a  state-of-the-science 
approach.  The  conventional  approach  represents  a  minimalist, 
cookbook  procedure  for  site  investigation  that  has  many  attractive 
features  -  inexpensive  relative  to  other  styles,  relatively  easy 
for  contractors  to  execute  and  manage,  and  relatively 
straightforward  for  regulators  to  understand.  As  a  case  study  of  an 
industrial  site  will  help'  illustrate,  this  conventional  style  has 
one  important  limitation.  Often,  major  gaps  In  knowledge  remain 
after  the  remedial  investigation,  which  ultimately  increase  the 
costs  of  remediation  and  the  ability  to  demonstrate  regulatory 
compliance.  Designing  the  remedial  investigation  using  a  "model 
framework"  is  a  more  costly  state-of-the-science  approach. 
Indications  are  that  increased  knowledge  about  the  site  translates 
into  cheaper  cleanups.  However,  these  studies  are  more  expensive, 
much  more  difficult  to  execute,  and  much  more  difficult  for 
regulators  to  evaluate. 

In  addition  to  information  gaps  due  to  how  the  study  was 
undertaken,  there  will  always  be  gaps  because  it  is  not  ever 
possible  to  characterize  the  spatial  variability  in  parameter 
values.  Modeling  work  by  Gorelick  on  the  design  of  pump  and  treat 
systems  shows  again  that  information  deficiencies  translate  into 
remedial  costs . 

Beyond  the  role  of  models  as  a  framtwork  to  guide  studies, 
there  are  at  least  two  important  uses  for  models  during  a  remedial 
investigation.  Early  site  modeling  using  background  data  and  expert 
knowledge  assists  in  understanding  the  problem  and  in  identifying 
the  key  variables  affecting  the  spread  of  contaminants.  One 
knowledge-based  package  (Expert  ROKEY)  has  been  demonstrated  for 
contaminant  systems  that  illustrates  the  great  promise  for  the 
approach.  Unlike  more  traditional  modeling  packages,  this  software 
provides  advice  and  assistance  in  parameter  selection  and 
recommendations  for  the  remedial  design  based  on  the  parameters. 
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ABSTRACT 


Contaminant  Transport  Processes 
Determination  of  Important  Processes  for  a  Given  Site 

by 

Mr.  Carl  G.  Enfield 

Robert  S.  Kerr  Environmental  Research  Laboratory 
United  States  Environmental  Protection  Agency 


Remediation  of  subsurface  environmental  contamination  requires  the  use 
of  mathematical  codes  (sometimes  called  models)  in  a  prospective  rather  than  a 
retrospective  mode.  The  mathematical  codes  require  input  data  describing  the 
system  including  existing  contamination  and  additional  inputs  which  might  be 
applied  in  an  effort  to  remediate  the  site.  The  mathematical  code  and  input 
data  are  combined  to  create  a  model  of  the  system  which  is  then  used  to 
forecast  how  the  system  is  expected  to  behave.  The  model  is  an  approximation 
of  the  real  system.  Mathematical  codes  consider  a  limited  number  of  assumed 
processes.  Ideally,  the  processes  that  are  included  in  the  code  describe  the 
controlling  processes  at  the  site  under  consideration.  The  objective  of  this 
presentation  is  to  illustrate  three  broad  classes  of  transport/transformation 
processes  which  are  infrequently  incorporated  in  mathematical  codes  and 
indicate  where  these  processes  might  be  important. 

The  transport/transformation  processes  which  are  frequently  ignored  at 
remediation  sites  include: 

1.  The  significance  of  microscale  variability  in  hydraulic 
conductivity. 

2.  The  importantance  of  non-aqueous  fluids  and  particles  on  chemical 
transport. 

3.  The  importance  of  how  transformations  are  incorporated  in 
mathematical  code  and  the  importance  of  numerical  dispersion  on 
the  forecasts  made  by  these  codes. 
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Geostatiscical  Site  Characcerizacion  and 
Scochasctc  Groundwacer  Modallng 
OffposC  Oparabla  Unit 
Rocky  Mountain  Arsenal 
by 

Carlos  Tanayo-Lara,  Research  Associate 
James  U.  Warner,  Associate  Professor 
Colorado  State  University 
Department  of  Civil  Engineering 
Groundwater  Program 
Fort  Collins,  Colorado  80523 

Jim  May,  Hydrogeologist 
US  Amy  Corps  of  Engineers 
Waterways  Experiment  Station 
Geotechnical  Laboratory 
Vicksburg,  Mississippi  39182 


Pump  and  treat  systems  are  becoming  the  preferred  remedial  alternative 
for  cleanup  and  remediation  of  contaminated  aquifers.  Currently,  the  design 
of  most  of  these  systems  is  commonly  perfomed  under  assumptions  of  aquifer 
homogeneity,  even  though  it  is  well  know  that  in  reality,  Che  concept  of  a 
deceminiscic ,  homogeneous  and  isotropic  media  does  not  exist.  To  ignore 
unknown  variations  of  aquifers  properties  such  as  hydraulic  conductivity, 
aquifer  transmissivity,  saturated  thickness,  etc.  can  significantly  affect  Che 
successful  operation  and  effectiveness  of  these  systems.  To  overcome  this 
situation,  the  stochastic  nature  of  the  aquifer  properties  must  be  considered 
in  making  decisions  about  the  design,  operation  and  management  of  pump  and 
treat  systems. 

Description  of  the  spatial  variability  of  hydrogeological  parameters 
within  a  porous  media  can  be  approached  by  using  a  state  of  Che  art  technique 
called  geostatis* tcs.  This  technique  is  a  branch  of  applied  statistics  spe¬ 
cializing  in  Che  analysis  and  modeling  of  spatial  variability  in  earth  sci¬ 
ences.  In  this  study,  geostatiscical  analysis  were  perfomed  for  site 
characterization  in  Che  offpost  area  north  of  the  Rocky  Mountain  Arsenal  near 
Denver,  Colorado,  where  a  pump  and  treat  system  is  planned  for  implementation. 

Geostatlscics  was  used  to  estimate  Che  best,  linear,  unbiased  values  of 
hydrogeological  regionalized  variables  at  unsampled  locations  based  on  Che 
available  measurements  of  these  variables.  Contrary  to  Che  most  used  estima¬ 
tion  techniques  such  as  inverse  distance,  least  squares,  or  polynomial  inter¬ 
polation  (either  applied  by  hand  or  computer),  geoscaciscics  also  account  for 
Che  uncertainty  in  Che  estimated  values  and  Che  precision  of  the  results.  As 
part  of  this  analysis,  experimental  semivariograms  and  cross -semivariograms 
chat  describe  the  spatial  scrucCire  of  the  regionalized  variables  were  deter¬ 
mined  at  the  study  site.  Different  mathematical  models  were  fitted  to  these 
semivariograms  and  cross -semivariograms  and  the  results  were  cross-validated. 
Kriging  and  Cokrlging  techniques  were  used  to  describe  Che  spatial  variability 
of  several  aquifer  properties  including  hydraulic  conductivity.  Estimated 
values  were  used  to  generate  contour  maps  based  on  limited  number  of  sample 
points  while  all  data  available  was  optimized.  Also,  these  geostatiscical 
techniques  were  used  to  show  the  errors  of  estimation  at  all  selected 
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estlaaced  points  and  Co  create  Daps  of  ninety- five  percent  confidence  llait  to 
obtain  the  range  of  the  estinated  variables. 


The  obtained  results  are  currently  being  used  in  a  stochastic  nodel  of 
Che  pump  and  treat  syscea  to  provide  the  operational  personnel  a  basis  for 
managing  this  system  so  as  to  have  the  greatest  likelihood  of  achieving 
project  goals.  This  procedure  will  also  provide  estimates  of  uncertainty  in 
model  predictions  and  will  permit  sxamination  of  the  error  in  designing  the 
system  using  an  assumption  of  a  homogeneous  aquifer. 

The  geoscatlscical  and  stochastic  analysis  presented  in  this  study  are 
part  of  a  cooperative  research  effort  of  groundwater  management  modeling 
between  the  US  Army  Waterways  Experiment  Station  and  the  Groundwater  Program 
at  the  Department  of  Civil  Engineering,  Colorado  State  University. 
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Process  Options  for  In  Situ  Subsurface  Remediation: 
Can  We  Predict  Performance 


Gaylen  R.  Brubaker,  Ph.D. 
Remediation  Technologies,  Inc. 
Chapel  Hill,  NC 


As  an  increasing  number  of  large  complex  contaminated  sites  move  toward 
remediation,  it  is  becoming  increasingly  important  to  develop  methods  to 
predict  the  perfonriance  of  various  subsurface  remediation  options.  These 
performance  models  are  critical  to  predict  the  potential  cost-benefit  of 
various  remedial  options  and  to  determine  whether  a  particular  technology  is 
likely  to  achieve  risk-drive  remediation  goals. 

This  paper  will  use  two  sites,  a  petrochemical  facility  in  the  gulf 
coast  and  a  Superfund  site  in  the  midwest,  to  Illustrate  the  types  of 
performance  questions  that  are  being  explored  while  developing  corrective 
actions  plans  at  typical  industrial  sites.  In  each  instance  a  series  of  in 
situ  remediation  processes  are  being  considered  in  various  combinations.  The 
processes  to  be  discussed  will  include:  simple  NAPL  recovery,  enhanced 
recovery  using  hot  water  injection,  simple  pump-and-treat,  enhanced  pump-and- 
treat  using  surfactants,  in  situ  bioremediation,  vapor  extraction  and  aquifer 
aeration.  Key  site  parameters  will  be  discussed  for  each  process  as  an 
introduction  into  the  role  of  modeling  in  evaluating  the  performance  of  these 
remediation  options. 
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ABSTRACT 


Randall  R.  Ross 

R.  S.  Kerr  Environmental  Research  Laboratory 
USEPA 


The  Gilson  Road  (Sylvester)  Superfund  site  located  near  Nashua,  New 
Hampshire,  was  the  first  hazardous  waste  site  in  the  nation  to  initiate 
remedial  actions  funded  under  the  Comprehensive  Environmental  Response, 
Compensation  and  Liability  Act  (CERCLA),  more  commonly  known  as  the  Superfund' 
Program.  During  the  1960*s,  sands  and  gravels  were  removed  from  a  six  acre 
borrow  pit.  Initially,  the  site  received  domestic  refuse  and  demolition 
debris.  During  the  early  I970*s  the  site  received  unauthorized  heavy  metal 
sludges  and  industrial  wastes.  It  is  estimated  that  800,000  gallons  of 
industrial  waste  were  illegally  discharged  directly  to  the  subsurface  through 
a  leach  field.  An  emergency  groundwater  interception  and  recirculating  system 
was  installed  in  an  effort  to  contain  the  most  heavily  contaminated  portion  of 
the  plume  to  prevent  contamination  of  surface  waters  (Lyle  Reed  Brook  and 
Nashua  River).  A  4000-foot  long,  3-foot  thick  soil -bentonite  slurry  wall  was 
installed  through  the  stratified  glacial  outwash  and  discontinuous  till  to  the 
fractured  bedrock  in  a  attempt  to  further  contain  the  groundwater  contaminants 
at  the  site.  Additionally,  a  membrane  cap  was  constructed  over  the  20  acre 
containment  areas. 

Two  previous  modeling  studies  were  conducted  to  1)  evaluate  potential 
remedial  options  for  the  site  and  2)  characterize  regional  flow  conditions  to 
evaluate  the  most  likely  pathways  for  contaminant  transport  from  the  site. 

The  primary  objectives  of  the  ongoing  modeling  efforts  are  to  evaluate  the 
effectiveness  of  the  pump  and  treat  system  presently  in  operation  and  to 
determine  potential  locations  and  pumping  rates  for  future  extraction  wells 
and  recharge  trenches.  Groundwater  flow  and  advective  transport  (particle 
tracking)  models  are  being  used  in  conjunction  with  geostatistical  programs  to 
evaluate  the  performance  of  the  existing  groundwater  extraction  and 
recirculating  system  with  respect  to  effectiveness  and  efficiency.  Future 
modeling  efforts  will  combine  these  tools  under  the  umbrella  of  a  geographical 
information  system  (GIS)  to  allow  greater  flexibility  and  versatility  of  the 
current  system  with  respect  to  incorporating  new  groundwater  monitoring. 
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USE  OF  NUMERICAL  GROUNDWATER  MODELING 
FOR  OPERATION  AND  MANAGEMENT  OF  THE 
NORTH  BOUNDARY  CONTAINMENT  SYSTEM 
AT  THE  ROCKY  MOUNTAIN  ARSENAL 


J.  Warner,  Associate  Professor,  Colorado  State  University, 
Department  of  Civil  Engineering,  Groundwater  Program, 
Fort  Collins,  Colorado  80523 
J.  May,  Hydrogeologist,  U.S.Army  Corp  of  Engineers, 
Waterways  Experiment  Station,  Geotechnical  Laboratory, 
Vicksburg,  Mississippi  39180-0681 


Abstract 

Three  groundwater  barrier  systems  have  been  installed  at  the 
boundaries  of  the  Rocky  Mountain  Arsenal  to  prevent  the  off  post  migration 
of  contaminated  groundwater.  The  first  of  these  was  the  North  Boundary 
Barrier  System  which  was  constructed  in  the  period  of  1978-81.  The  North 
Boundary  Barrier  System  was  a  pioneering  effort  in  the  use  of  groundwater 
barrier  systems  for  the  control  of  contaminant  migration.  Previous  design 
and  operational  experience  for  such  systems  was  unavailable.  Because  of  the 
complex  hydrogeologic  conditions  at  the  arsenal,  this  barrier  system  has 
proved  very  difficult  to  manage  and  operate.  Colorado  State  University  and 
the  U.S.  Army  have  cooperated  in  developing  an  operational  management  model 
of  this  system. 

A  pilot  boundary  system  was  installed  at  the  north  boundary  in  1978. 
This  pilot  system  consisted  of  a  1,500  foot  long  bentonite  slurry  wall,  6 
dewatering  wells  and  12  recharge  wells.  In  1978  the  barrier  system  was 
extended  to  a  total  length  of  6,470  feet.  In  1989  and  1990  the  barrier 
system  was  modified  to  include  the  addition  of  recharge  trenches.  The 
complete  barrier  system  consists  of  35  dewatering  wells,  38  recharge  wells, 
and  15  recharge  trenches,  separated  by  a  bentonite  slurry  wall. 
Contaminated  groundwater  is  pumped  from  the  upgradient  side  of  the  slurry 
wall,  treated  by  granular  activated  carbon  adsorption,  and  the  treated  water 
is  recharged  downgradient  of  the  wall.  The  dewatering  wells  are  divided 
into  three  collection  manifold  (A,  B  and  C).  Flow  from  each  manifold  has 
historically  been  treated  by  separate  adsorber  units.  Manifold  A  intercepts 
a  plume  of  Oiisopropylmethylphosphonate  (DIMP)  flowing  from  the  Basin  F 
area.  Manifold  8  intercepts  a  Oibromochloropropane  (DBCP),  chlorinated 
pesticides,  Aldrin,  Dieldrin,  and  Endrin,  and  several  organosulfur 
compounds.  Inorganic  contaminants  include  chloride  and  fluoride.  In  1990, 
the  treatment  process  was  reconfigured  to  treat  the  combined  inflow  from  the 
separate  manifolds  as  a  single  inflow  stream. 
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Since  the  bentonite  slurry  wall  extends  across  the  entire  north 
boundary  of  the  arsenal  (keyed  at  its  ends  into  relatively  impermeable 
bedrock  highs),  the  barrier  system,  regardless  of  how  It  is  operated,  should 
intercept  all  of  the  contaminated  groundwater  in  the  shallow  alluvial 
aquifer  reaching  the  north  boundary.  However,  concerns  have  been  expressed 
about  the  integrity  of  the  bentonite  slurry  wall  and  about  the  potential 
underflow  past  the  barrier  system  of  contaminated  groundwater  in  the 
underlying  Denver  Formation.  The  prevailing  thought  is  that  this  potential 
underflow  is  best  controlled  by  maintaining  a  reverse  gradient  (a  gradient 
inward  towards  the  arsenal)  across  the  bentonite  slurry  wall.  Management 
of  the  contaminant  plumes  approaching  the  barrier  system  is  also  desired. 
Questions  about  the  operation  of  the  barrier  system  concern:  1)  What  is  the 
total  barrier  system  flow  rate?;  2)  What  is  the  distribution  of  manifold 
flow  rates?;  3)  What  is  the  best  distribution  of  the  treated  recharge 
water?;  4)  In  the  case  of  system  failure,  time  and  location  of  overtopping 
of  the  bentonite  slurry  wall?;  5}  The  Feasibility  of  achieving  a  gradient 
reversal?;  and  6)  The  system  modifications  to  improve  barrier  operation? 

A  finite  element  groundwater  model  (CSU/GWFLOW)  was  applied  to  the 
North  Boundary  Barrier  System  to  study  these  concerns.  A  very  detailed  mesh 
was  used  for  the  model  grid  which  consisted  of  about  14,000  nodes.  Each  of 
the  3S  dewatering  wells  and  the  38  recharge  wells  were  represented  in  the 
mesh  by  separate  nodal  points  so  as  to  allow  specification  of  individual 
well  pumping  rates.  Each  of  the  IS  recharge  trenches  were  represented  by 
3  to  6  nodes  in  the  model  grid.  Similarly,  36  monitoring  wells  at  the 
arsenal  in  the  vicinity  cf  the  barrier  system  were  represented  in  the  mesh 
by  separate  nodal  points  so  as  to  allow  direct  observation  of  model  results 
with  field  observations.  In  the  mesh  the  bentonite  slurry  wall  was 
simulated  as  an  interior  no-tlow  boundary. 

A  steady-state  calibration  of  the  model  was  initially  performed  to  the 
pre-barrier  conditions  (February-March  1978).  This  calibration  was  then 
further  refined  by  a  series  of  transient  calibrations.  This  consisted  of 
simulating  actual  barrier  system  operation  beginning  with  the  pilot  system 
to  full  barrier  system  operation  (December  1991).  This  consisted  of  13 
separate  transient  calibrations  at  selected  time  periods.  The  model  results 
were  compared  with  field  observations  at  the  monitoring  wells.  One  of  the 
difficulties  with  the  transient  calibration  is  that  records  kept  about 
barrier  system  operation  were  often  incomplete  because  of  metering  problems. 
The  model  calibration  was  considered  to  be  excellent  with  an  average  model 
calibration  error  of  about  .5  feet. 

Utilizing  the  calibrated  model,  various  operational,  breakdown  and 
barrier  reconfiguration  simulations  were  performed.  One  of  the  major 
questions  asked  by  arsenal  personnel  was  whether  a  gradient  reversal  could 
be  achieved  using  the  original  barrier  configuration  (no  recharge  trenches). 
The  line  of  recharge  wells  is  located  250  feet  downgradient  of  the  slurry 
wall  and  the  line  of  dewatering  wells  are  located  250  upgradient  of  the 
slurry  wall.  The  rate  of  underflow  of  groundwater  to  the  North  Boundary 
Barrier  System  has  varied  with  time  but  in  recent  years  has  been  about  220 
to  230  gpm.  Under  this  natural  interception  rate  the  average  head 
difference  between  the  two  lines  of  wells  is  about  4  feet.  Model  results 
indicated  that  the  best  that  could  be  achieved  by  the  barrier  system  in  the 
long  term  was  the  natural  interception  conditions.  A  gradient  reversal  over 
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the  entire  length  of  the  barrier  system  was  not  possible  in  the  long  term 
but  in  the  short  term  over  pumping  of  the  barrier  system  could  be  used  to 
increase  the  section  of  the  barrier  with  a  gradient  reversal. 

The  recharge  capacity  of  the  injection  wells  has  considerably 
decreased  since  the  wells  were  first  installed.  This  loss  of  recharge 
capacity  is  thought  to  be  due  to  deposition  of  carbon  fines  from  the 
adsorber  units  and  from  microbial  growth  in  the  wells.  These  problems  are 
currently  being  studied  in  a  separate  project  between  Colorado  State 
University  and  the  U.S.  Army  Corp  of  Engineers.  Because  of  this  loss  of 
recharge  capacity  of  the  wells,  much  of  the  treated  recharge  water  has 
historically  been  disposed  of  in  a  bog  at  the  east  end  of  the  barrier 
system.  Additionally  Manifold  C  was  over  pumped  relative  to  Manifolds  A  and 
B  because  of  concerns  about  overtopping  of  the  slurry  wall  in  that  section 
if  the  barrier  system  were  to  breakdown  for  an  extended  period  of  time.  As 
a  result  the  actual  head  differential  across  the  slurry  wall  have  been 
considerably  different  than  that  for  natural  interception  rates.  For  this 
historical  operating  condition  the  head  differential  across  the  slurry  wall 
in  the  Manifold  A  section  was  typically  greater,  and  in  the  Manifolds  B  and 
C  sections  was  less  than  natural  conditions. 

Since  Manifolds  A  and  B  intercept  contaminated  groundwater  of  high 
concentrations  and  Manifold  C  intercepts  low  concentration  groundwater,  it 
is  desirable  to  maintain  a  reverse  gradient  over  at  least  Manifolds  A  and 
B.  In  order  to  accomplish  this,  several  barrier  system  modifications  were 
tried  in  the  model.  The  best  configuration  was  to  replace  the  recharge 
wells  with  a  series  of  recharge  trenches  located  45  feet  downgradient  from 
the  slurry  wall.  The  concept  was  to  provide  better  control  over  the 
distribution  of  the  recharge  water  on  the  downgradient  side  of  the  slurry 
wall.  Treated  water  previously  discharge  to  the  bog  near  the  east  end  of 
the  barrier  system  would  then  be  discharged  through  trenches  located  in  the 
western  half  of  the  barrier  system  to  try  to  cause  a  gradient  reversal  in 
this  region.  For  this  simulated  operating  condition  a  gradient  reversal  was 
achieved  over  the  entire  section  for  Manifold  A  and  most  of  the  section  for 
Manifold  B.  With  this  supporting  results,  the  Army  has  installed  15 
recharge  trenches. 

These  recharge  trenches  have  performed  excellently  and  have  achieved 
the  desired  gradient  reversal  over  the  critical  sections  of  the  North 
Boundary  Barrier  System.  In  actuality,  the  Army  has  thus  far  been  able  to 
maintain  a  gradient  reversal  over  most  of  the  length  of  the  barrier  system. 
This  has  been  achieved  by  over  pumping  the  dewatering  wells.  Consequently 
parts  of  the  alluvial  aquifer  on  the  upgradient  side  of  the  barrier  system 
has  been  desaturated.  The  effect  of  this  over  pumping  with  time  was  studied 
using  the  modt 

The  experiences  learned  at  the  Rocky  Mountain  Arsenal  are  that 
groundwater  barrier  systems  are  often  complex  and  difficult  to  operate  for 
effective  system  performance.  The  experiences  (difficulties  and  successes) 
learned  in  operating  the  barrier  systems  at  the  Rocky  Mountain  Arsenal 
should  be  valuable  to  others  desiring  to  use  similar  barrier  systems.  The 
operational  management  groundwater  model  developed  jointly  by  Colorado  State 
University  and  the  U.S.  Army  Corp  of  Engineers  has  proven  to  be  a  very 
useful  and  practical  tool  in  the  management  of  these  systems. 
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ABSTRACT 


Bioremediation  •  Parameters  Estimation,  System  Design,  and 
Prediction  of  Cleanup  Time 

C.  Y.  Chiang 

Shell  Development  Company 
Houston,  Texas 


In-situ  bioremediation  provides  a  potentially  cost  effective 
alternative  to  a  conventional  pump  and  treat  system  by  utilizing 
indigenous  microorganisms  to  increase  the  rate  of  decay  of  the 
soluble  hydrocarbon  plume  as  well  as  the  residual  hydrocarbon 
source.  Mathematical  models  are  often  used  to  design  the 
bioremediation  system.  Before  applying  models  to  a  field  site,  it  is 
crucial  to  understand  the  interplays  of  several  key  parameters: 
macrodispersion,  hydraulic  conductivity,  biodegradation  rate, 
sorption,  and  source  strength.  Well  characterized  site  data  are  used 
to  illustrate  the  interactions  among  these  parameters.  For  example, 
threshold  limits  for  aromatic  hydrocarbon  oxidation  under  varying 
levels  of  dissolved  oxygen  were  determined  from  both  laboratory 
microcosms  and  field  data;  the  results  were  remarkably  consistent 
with  each  other. 

Subsequently,  these  predetermined  parameters  are  used  in 
numerical  models  to  design  an  optimal  bioremediation  system  and  to 
predict  the  cleanup  time.  A  case  study  will  be  used  to  illustrate  the 
modeling  processes  and  limitations.  Finally,  Some  preliminary 
results  from  an  enhanced  aerobic  bioremediation  system  will  be 
presented. 
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ARMY  GROUNDWATER  (GW)  MODELING  USE  AND  NEEDS  WORKSHOP 


Sheraton  Denver  Airport  Hotel,  Denver,  CO 
30  March  -  1  April  1992 


Mar 

1900-2100 

Optional  Pre-registration,  Icebreaker, 
and  Panel  "Get  Acquainted"  Sessions 

Dr.  Hadala 

Mar 

0a00-('830 

Registration 

Ms .  Lloyd 

0830-0835 

Welcome 

Mr.  I.  May 

0835-0840 

Administrative  Announcements 

Mr.  Dardeau 

0840-0850 

Purpose  of  Workshop 

Dr.  Oswald 

0850-0910 

Role  of  THAMA 

Mr.  I.  Kay 

0910-0925 

Role  of  GW  Modeling  in  Army  Activities 

Mr.  Ballif 

0925-0935 

Introduction  to  Panel  Discussions 

Dr.  Holland 

0935-0950 

Break 

0950-1030 

Groundwater  Problems  &  Remediation  Methods 

Dr.  Cullinane 

1030-1115 

Report  of  Groundwater  Modeling  Survey 

Dr.  Holland 

1115-1230 

Lunch 

1230-1430 

Panel  1:  GH  Problems,  User  Needs  &  Model  Use 

Mr.  I.  May 

1430-1500 

Break/Board  Buses 

1500-1700 

Optional  Trip  to  Rocky  Mountain  Arsenal 

Dr.  J.  May 

1700 

Adjourn 

Apr 

• 

0800-0815 

Announcements  and  Comments 

Dr.  Holland 

0815-1000 

Panel  2:  Model  Use  in  Remedial  Investigations 

Dr.  Butler 

1000-1015 

Break 

1015-1200 

Panel  3:  Model  Use  in  Remediation  . 

(Emphasis  on  Feasibility  Studies) 

Dr.  (hillinane 

1200-1315 

Lunch 

1315-1515 

Panel  3:  Model  Use  in  Remediation  (Concluded) 
(Emphasis  on  Design,  Operation  &  Monitoring) 

Ms.  McDaniel 

1515-1530 

Break 

1530-1630 

Wrap-up 

Dr.  Hadala 

1630 

Adjourn 

Dr.  Holland 
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QUESTIOMWAIRE  ON  ARMY  USE  OF 
GROUNDWATER  FIQW  AND  CONTAMINANT  TRANSPORT  MODELS 


INSTRUCTIONS;  Prior  to  boginning/  please  provide  the  following 
information: 


Name:  _ 

Office  Symbol:  _ 

Address:  _ 

Telephone:  _ 

Nov,  please  answer  the  following  questions. 


1.  What  percentage  of  the  hazardous  and  toxic  wastes  (HTW) 
problems  you  are  encountering  at  military  or  Superfund  sites  is 
associated  with 


_  Petroleum  Hydrocarbons 

_  Organic  Solvent  Liquids 

_  Explosives 

_  Metals 

_  Other  (please  specify)  _ 

2.  For  the  sites  referred  to  above,  how  many  of  them  are,  or  are 
projected  to  be,  involved  with  the  cleanup  of  contaminated 
groundwater  resources  for  both  saturated  and  unsaturated 

conditions?  _ (military)  _ (Superfund)  what  percentage  of  the 

total  number  of  your  HTW  sites  is  this  number?  _ (military) 

_ (Superfund) 

3.  How  many  of  your  groundwater^related  cleanup  studies  (over  the 
last  ten  years)  contained,  or  are  projected  (over  the  next  five 

years)  to  contain,  a  groundwater  modeling  effort?  _  If  this 

number  is  zero,  skip  to  Question  10. 

4.  For  each  groundwater  modeling  study  planned  or  executed,  please 
provide  the  information  requested  in  the  attached  Table  1.  Please 
reproduce  additional  sheets  as  needed. 

5.  For  each  groundwater  modeling  study  listed  in  Table  i,  please 
provide  the  information  requested  in  the  attached  Table  2  on  a 
sheet  per  study  basis.  Please  reproduce  additional  sheets  as 
needed. 
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6.  Are  groundwater  models  overly  expensive  or  difficult  to  use  for 

your  applications?  _  If  the  answer  is  no,  please  continue  to 

Question  7. 

If  the  answer  is  yes,  please  check  the  following  that 
supports  your  answer: 

_  Models  typically  require  more  cost  or  effort 

than  the  information  gained  from  them  is  worth. 

_  User  manuals  or  other  instructions  for  using 

the  individual  models  are  inaccurate,  incomplete, 
and/or  out  of  date. 

_  Too  much  labor  and/or  time  is  required  to 

compile  the  field  data  needed  to  define  the  problem 
to  be  modeled. 

_  Too  much  labor  and  time  is  required  to  put 

results  of  model  analyses  in  a  form  that  is  useful 
for  making  engineering  decisions. 

_  Other;  please  explain.  _ 


7.  Was  your  answer  to  Question  6  based  on  your  own  cr.erience, 

discussions  with  contractors,  or  both?  _ 

8.  In  your  experience,  are  groundwater  models  comprehensive  enough 

to  account  for  the  major  details  of  real  field  problems?  _ 

Alternately,  do  you  believe  your  organization  generally  collects 
data  sets  comprehensive  enough  for  groundwater  model  use?  _ 

9.  Rank  the  following  items  by  assigning  them  a  High  (H) ,  Medium 
(M) ,  or  Low  (L)  importance  in  making  groundwater  models  more  useful 
tools  for  your  site  applications. 

_  software  for  personal  computers  (PCs)  or  work 

stations  with  a  graphical  user  interface  that  enables 
easier  input  of  data  to  groundwater  models 

_  software  for  PCs  or  work  stations  with  a  graphical 

user  interface  to  aid  in  visualizing  groundwater  model 
results 

_  software  that  would  aid  in  extracting  information 

from  model  results  in  the  form  of  tables  and  plots 
similar  to  those  now  used  to  evaluate  field  data 

_  interfaces  that  would  couple  groundwater  models  to 

CAOO  and  GIS  software 

_  a  data  base  of  typical  geophysical  and  biochemical 

parameter  values  for  specific  soil  types  and  contaminants 

_  a  data  base  that  would  provide  citations  to 

pertinent  published  information  on  groundwater  models 
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_  a  probablistic  modeling  capability  that  includes 

measures  of  uncertainty  in  geologic  conditions,  aid  in 
parameter  estimation,  and  theoretical  limits  of  modeling 
reliability 

_  guidance  on  the  use  and  limitations  of  existing 

groundwater  models  for  site  characterization,  feasibility 
studies,  and  remediation  operation 

_  an  expert  system  to  aid  users  in  the  selection  of 

appropriate  groundwater  models.  The  system  would  also 
provide  users  with  recommendations  for  model  parameter 
selection 

_  groundwater  modeling  systems  that  have  remedial 

alternatives  integrated  fully  within  their  flow  and 
transport  models 

_  Army-wide  standardized  groundwater  modeling  tools 

that  have  obtained  EPA  approval  for  use 

_  Army  technical  support  personnel  tc  assist  in  model 

choice  and  application 

10.  If  you  are  not  using  groundwater  models  for  your  groundwater 
cleanup  studies,  please  indicate  why  (check  each  that  is 
appropriate)  : 


_  Generally  insufficient  time  for  model  usage  within 

normal  project  schedules 

_  Insufficient  funding  or  time  to  learn  the  use  in- 

house  of  most  groundwater  models 

_  Insufficient  in-house  manpower  to  apply  groundwater 

models 

_  Insufficient  time  to  contract  groundwater  modeling 

efforts 

_  Insufficient  funds  to  pay  for  contracted  modeling 

efforts 

_  Current  groundwater  models  have  insufficient  levels 

of  credibility  for  decision  making 

_  Typically  an  insufficient  amount  of  site  data  exists 

to  warrant  groundwater  model  use 

_  No  groundwater  modeling  was  deemed  necessary. 

Please  explain  the  rationale  for  this  decision  _ 


Other;  please  explain. 
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11.  Would  you  employ  models  more  often  if  the  items  above  in 

Question  9  were  available?  _  If  the  answer  is  yes,  please  be 

sure  you  ranked  the  items  in  Question  9. 

12.  Do  you  have  any  access  in-house  to  additional  groundwater 
models  that  are  not  listed  in  Table  1?  If  so  please  provide  the 
names  of  those  models  below  and  whether  they  ^re  run  on  personal 
computers  (designate  PC  and  class  of  PC;  i.  .,  286,  386,  etc), 
workstations  (designate  WS  with  workstation  name)  or  mainframes  (M 
with  machine  name) : 

MODEL  NAME  COMPUTER 


13.  When  evaluating  groundwater  modelinn  proposals  presented  by 
contractors,  which  of  the  following  is  generally  the  deciding 
factor  in  contractor  selection?  (Check  one  please) 

_  Quality  of  proposal  based  on  in-house 

technical  review 

_  Quality  of  proposal  based  on  external 

technical  review.  Who  generally  conducts  this 

review?  _ 

_  Known  reputation  of  contractor 

_  Other;  please  explain  _ 


14.  When  groundwater  modeling  results  are  presented,  which  of  the 
following  is  generally  the  primary  means  of  assessing  the 
reliability  of  those  results?  (Check  one  please) 

_  In-house  technical  review 

_  External  technical  review.  Who  generally 

conducts  this  review?  _ 

_  Other;  please  explain  _ 


15,  Please  provide  any  additional  comments  you  have  including  your 
projected  future  needs  for  groundwater  models. 
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16.  Please  provide  (reproductions  or  originals)  of  either  cover 
pages  or  references  to  any  contractor  and  in-house  reports  doaling 
with  the  modeling  of  groundwater  flow  and/or  transport  at  Aray 
sites. 

FINAL  INSTRUCTIONS;  Thank  you  for  filling  out  this  survey.  Please 
mail  the  completed  forms  to: 

Dr.  Jeffery  P.  Holland 

aSAB  fraterways  Experiment  Station 

3909  Halls  Ferxry  Rd 

Vicksburg,  MS  39180-6199 

ATTM:  CEWBS-HV-C 

FAX:  (601)  634-2818 

If  you  have  any  need  for  assistance,  please  call  Dr.  Holland  at 
(601)  634-2644  or  (FTS)  542-2644. 
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TABLE  1:  INPUT  FOR  QUESTION  I 4 


TABLE  2;  INPUT  FOR  QUESTION  #5 
Site  Name,  and  its  location  (city,  state) 
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1).  vihat  percentage  of  the  study  was  performed 

_  off-site,  completely  by  contractor 

_  in-house  with  the  aid  of  a  contractor 

_  completely  by  in-house  personnel 

c.  Was  the  study,  or  has  it  been  to  date 

_  fully  successful  (continue  to  Question  6) 

_  marginally  successful 

_  unsuccessful 

d.  To  what  do  you  attribute  the  lack  of  success  with  the  above 
modeling  venture?  Check  all  that  are  appropriate  for  this  study. 

_  lack  of  contractor  expertise  in  general 

_  lack  of  in-house  expertise  to  adequately  write  contract 

specifications 

_ lack  of  in-house  expertise  to  monitor  contractor  progress 

and  activity 

_  lack  of  in-house  expertise  to  interpret  contractor 

results 

_  poor  documentation  of  study  results  and  modeling 

assumptions  and  methodologies 

_  technology  gaps  in  particular  models  used  for  this 

specific  site.  If  so,  who  chose  to  use  this  model,  your 
organization  or  contractors?  _ 

_ _  lack  of  proper  support  within  the  Army  for  model 

selection,  validation,  and  review  of  contractor  results 

_  inadequate  site  characterization  and  data  collection 

_  inadequate  time  and/or  funding  to  conduct  an  adequate 

study 

_  other;  please  specify 
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SUMMARY  or  PANEI.  TOPICS 


Panel  1: 


Panel  2 


Panel  3 


Current  Installation  Restoration  Groundwater  Problems 

Types  of  contaminants«  sources  and  hydrogeologic  conditions 

General  types  of  remediation  being  applied 
RI/FS  requirement*  related  to  modeling 
Groundwater  Model  Applications 
Key  examples 

Costs,  timeliness  and  success 
Critical  Modeling  Components  and  Requirements 
Data  acquisition  and  management 

Computer  system  _ 

Staff  knowledge,  experience  and  training  and  guidance  neeas 

Contracting 
Proprietary  codes 

Technical  review,  validation  and  verification 
Appropriate  documentation  of  modeling  results 
Regulatory  acceptance  and  defensibility  in  court 
User  Needs 

Model  selection  and  calibration 
Time  and  coat  estimates 

Review  and  quality  control  of  modeling  efforts 
Results  presentation,  3-D  visualization  and  animation 

Project  Coals 
Geologic  Environment 
Hydrogeologic  Environment 

Contaminant  Properties  and  Transport  Mechanisms 
Data  Management  and  QA/QC  of  Field  Surveys 
R1  and  GW  Modeling  Synergism 

Role  of  modeling  in  planning  RI  program 
Role  of  modeling  in  specifying  supplemental  RI 
RI  role  in  supporting  modeling 

Remediation  Alternatives 

Currently  Used  Flow  and  Transport  Modela  and  Their  Adequacy 
Objectives  of  Model  Use  in  Feasibility  Stud’.es 
Data  Requirements  for  Feasibility  Studies 
Model  Requirements/Users  for  Feasibility  Studies 
Treatability  Design 

Flow  Optimization  for  Pump-and-Treat  Remediation  Desrgn 
In  Situ  Remediation  Optimization 
Optimization  of  Monitoring  well  Placement 
Prediction  of  Remediation  Response  and  Costs 
Remediation  Uncertainty 

Regulatory  Restrictions  and  Requirements 
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PANEL  1:  GroundMAtar  Problaas,  Usar  Naads  and  Modal  Uaa 


Objectivaa:  Tha  purposa  of  tha  Uaar  Panal  is  to  provide  reprasantativas  of  the 

user  cotmnunity  with  a  forum  to  present  insight  into  their  groundwater  modeling 
requirements.  The  response  to  the  groundwater  modeling  questionnaire  will 
provide  a  generic  overview  of  Amy  user  needs  but  this  Panel  will  give  key 
representatives  the  opportunity  to  discuss  pertinent  Installation  Restoration 
modeling  needs  and  how  these  needs  are  being  addressed.  Tha  successas  and 
failures  of  previous  modeling  efforts  can  be  addressed.  Suggestions  can  be 
offered  on  what  degree  of  expertise  or  expert  systems  need  to  be  developed  in 
the  user  community  to  be  able  to  ascertain  when  and  if  modeling  is  required  and 
what  type  of  model  is  needed. 


Presentations : 

1.  Hr.  Brian  Anderson,  Program  Manager,  Rocky  Mountain  Arsenal  (RMA). 
Description  of  groundwater  modeling  experiences  for  RI/FS  at  RMA.  (20  min) 

2.  Mr.  Khal  Masoud,  Program  Manager,  Baltimore  District.  Synopsis  of  modeling 
procedures,  use  and  problems  in  RI/FS  process.  (15  min) 

3.  Dr.  Fred  Baker.  Synopsis  of  modeling  process,  use  and  problems.  (IS  min) 


Panel  Members: 

1.  Moderator.  Mr.  Ira  May,  THAMA.  Geologist.  Represents  THAHA  as  expert  on 
Army  modeling  needs. 

2.  Mr.  Brian  Anderson,  Program  Manager  Rocky  Mountain  Arsenal.  Environmental 
Engineer.  Expertise  in  application  of  models  at  Rocky  Mountain  Arsenal. 

3.  Mr.  Khal  Masoud,  Baltimore  District,  COE.  Civil  Engineer.  Project  Manager 
with  expertise  in  RI/FS  needs. 

4.  Or.  Fred  Baker,  Baker  and  Associates.  Civil  Engineer.  Groundwater  model 
expertise  with  emphasis  on  hydrogeologic  conceptual  models. 

5.  Mr.  Sam  Bass,  Missouri  River  Division,  COE.  Geologist,  Chairman  of  MRD  CAD 
Environmental  Task  Group  Leader.  Expertise  in  groundwater  problems  and  RI/FS. 
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Topics t 

■  Currant  Instsllstlon  Rostorstlon  Probloma 


•  Typos  of  contaminant 

--  Typos  of  sourcos 
—  Typos  of  hydrogaologic  conditions 
—  RI/FS  Rjquiramonts  rolatad  to  modoling 
—  Conaral  Typos  of  romodi ation  boing  appliod 

•  Croundwator  Modai  Appiicationo 

—  Kay  oxamplos 
—  Costs 

— •  Tiaaly  Exocutlon 
—  Rosults 

•  Satisfactory 

-  Unaatisfaetory 

-  Oncloar 

•  Critical  Modoling  Compononts 

— -  Contracting 
—  Propriotary  codas 
—  Tochnical  roviow 
—  Training 

—  Staff  knowlodgo  and  oxporionca 
—  Cofflputar  systao 
Data  acquisition 
Data  managamont 
Validation 
Vorif ication 

Appropriato  documantation  of  modal  rasulta 
Ragulatory  accaptanca 
Dafanaibla  in  court 

•  Usar  Naada 

—  Whan  is  modal  naadad? 

—  What  kind  of  modal? 

— -  Coat? 

— -  Tima  to  davalop  and  run? 

—  How  to  datarmina  adaquata  calibration? 

—  Army  axpartisa  to  raview  and  provida  QA/QC  for  groundwatar  modoling 
—  Stata-of-tha-art  praaantation  of  results 

-  3-D 

-  Animation 
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QuMstionBi 

Is  contSRiinstsd  groundwstar  ths  bi.g9esc  problM? 

Whst  ara  typaa  of  contaminants  prasant  Army  9roundwatar  problams? 

What  ara  soma  kay  modalinq  af forts? 

How  wara  tha  raaults? 

What  ara  tha  most  critical  modaling  componants  which  hindar  modal  application? 
How  do  you  know  if  you  naad  a  qroundwatar  modal  or  not? 

If  a  modal  is  naaded,  what  kind  is  adaquata? 

How  do  you  know  if  you  hava  adaquata  input  data? 

How  long  will  it  taka  to  get  results? 

What  ara  tha  costa? 

How  do  you  datarmina  adaquata  calibration? 

Can  anyona  in  tha  Army  provide  review? 

Who  should  datarmina  quality  control  of  modals  baing  used? 

What  should  a  good  aiodal  study  report  contain? 

How  does  one  aatiraata  tha  leval  of  affort  raquirad  for  a  groundwatar  modal 
study? 
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PANEL  2:  Modal  Ui«  ia  Raaadial  Invastigatioaa  (RZ) 
(Rola  of  RI  in  Model  Definition  and  Models  in  RI  Planning) 


Objaetlvosi  This  panel  discussion  will  address  the  most  difficult  problem 
encountered  in  a  groundwater  (GW)  modeling  effort,  defining  the  problem  to  be 
modeled.  Uncertainties  related  to  numerical  methods  and  errors  are  second 
order  compared  to  the  uncertainties  related  to  definition  of  the  geologic 
model,  hydrogeologic  model,  and  contaminant  transport  processes.  Two  or  three 
synopsis  presentations  and  guided  discussions  will  define  requirements  and 
problems  associated  with  defining  (a)  subsurface  structure  and  stratigraphy, 

(b>  flow  boundaries,  (c)  hydrogeologic  properties,  (d)  properties  of  the  fluids 
and  transport  processes  in  the  subsurface  environment,  (e)  initial  conditions, 
and  (f)  the  role  of  GW  modeling  in  the  RI  process.  The  techniques  involved  in 
defining  the  hydrogeologic  model  are  diverse:  geologic  mapping,  surface 
geophysical  surveying  drilling  and  sampling,  core/sample  logging,  borehole 
geophysical  logging,  borehole  pumping  tests,  dye  tracing,  laboratory  testing, 
and  others.  Although  the  numerical  models  require  definition  of  properties  at 
all  points  in  the  domain  of  the  model,  this  can  never  be  achieved  in  reality. 
The  field  data  must  be  interpolated  and  extrapolated  in  a  statistically 
meaningful  and  rational  manner.  Modeling  is  used  in  an  interactive  manner  to 
guide  the  remedial  investigations.  This  panel  will  emphasize  the  synergism 
between  RI  and  GW  modeling. 


Presentations : 

1.  D  •.  Frank  Schwartz,  Ohio  Eminent  Scholar  in  Hydrogeology,  Ohio  State 
University.  Synopsis  presentation  on  determining  the  hydrogeologic  model  and 
the  role  of  modeling  in  planning  Ri  (includes  parameter  uncertainty  and 
geostatistical  considerations).  (30  min) 

2.  Dr.  Carl  Enfield,  Chief,  Processes  and  Systems  Research  Division, 

USEPA-OPU,  RSKEL-Ada,  Oklahoma.  Synopsis  presentation  on  contaminant  transport 
processes-'-determination  of  important  processes  for  a  given  site  and  parameters 
for  modeling.  (IS  min) 

3.  Mr.  Carles  Tamayo,  Civil  Engineer,  Colorado  State  University.  Case  study 
on  off-post  (Rocky  Mountain  Arsenal)  geostatistical  groundwater  modeling 
effort. 
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!•  Modarator.  Dr.  Owain  Butlar,  WES.  Caophyslcist.  Expartlaa  In  aita 
characcerizatlon  for  gaology  and  hydrcgaology . 

2.  Mr.  Carlos  Tamayo.  Colorado  Stata  Univarslty.  Civil  Enginaar.  Expartlsa 
in  geoaratistica  and  groundwacar  modal ing. 

3.  Dr.  Prank  Schwartz,  Ohio  Stata  Univaraity.  Ohio  Eminant  Scholar  in 
Hydrogeology.  Expartlsa  in  groundwater  modeling,  hydrogaologic  description, 
geologic  description  and  gaoatatistica  for  parameter  estimation  and 
uncertainty. 

4.  Dr.  Carl  Enfield,  USEPA-ORO,  RSKEL-Ada,  OklahocM.  Chief,  Processas  and 
Systems  Reaaarch  Oivisicn.  Expertise  in  contaminant  transport  processas  and 
transport  paramatar  datamination  for  modeling. 

5.  Dr.  Jamas  Nay,  WES.  Hydrogao legist.  Expertise  on  modeling  needs  related 
to  Remedial  Investigation  /  Feasibility  Studies. 

6.  Mr.  Gregory  Hempen,  Saint  Louis  District.  Geophysicist,  past  president  of 
the  Association  of  Engineering  Geologists.  Expertise  in  site  characterization 
for  hydrogeology. 

7.  Mr.  Dennis  Bowser,  THAHA.  Geologist.  Expertise  in  geology  and  contract 
monitoring  for  hydrogeologic  site  characterization. 

8.  Dr.  James  Brannon,  WES.  Geochemist.  Expertise  in  contaminate  fata  and 
mobility  processes  in  soil  and  its  modeling. 

9.  Dr.  Jesse  Yow,  Lawrence  Livermore  National  Laboratory,  DOE.  Manager  of 
Environmental  Technology  Program.  Expertise  in  modeling  and  remediation  of 
radionuclides  in  groundwater. 
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Topics: 

•  Projsct  Typo 

—  DsConss  Environinsnta'  Restoration  Program 

-  Installation  Restoration 

-  Other  Hazardous  Waste 

-  Forsierly  Used  Federal  Properties 

-  National  Priority  List 
—  Superfund  Site 

—  Contamination  PeoMdiation 
—  Onexploded  Ordnance 
—  Monitoring  Network 

•  Ceologic  Environment 

--  Fractured  Rock/Porous  Media 
~  Consolldated/Unconsolidated 
—  Aquifers/Aquitards 
—  Stratigraphy  and  Complexity 
—  ceoswtry  and  Scale 
—  Parameter  Uncertainties 

•  Hydrogeologic  Environment 

Boundary  Conditions 
—  Hydraulic  Head  Distribution 
—  Unsaturated/Saturated  Flow 
—  Steady  State/Transient  Flow 
--  Hydraulic  Conductivity  Distribution  in  3-D 
—  Porosity  Distribution  in  3-0 
—  Contaminant  Source  Locations 
—  Initial  Conditions 
—  Parameter  Uncertainties 

•  Contaminant  Properties  and  Transport  Mechanisms 

—  Single/Multiple  Species 
—  Soluble/ Insoluble 
--  Density  (relative  to  water) 

—  Conservative/Nonconservative 
—  Advective  Transport 
—  Dispersion/Oiffusion 
—  Retardation/Oecay 
—  Radionuclides 
—  Parameter  Uncertainties 

•  Data  Managemen'^  and  CA/QC  of  Field  Surveys 

•  RI  and  GW  Modeling  Synergism 

—  Role  of  Mooeling  in  Planning  RI  Program 
—  Role  of  Modeling  in  Specifying  Supplemental  RI 

(Updating  or  Enhancing  Reologic/Hydrogeologic  Models) 
—  RI  Role  in  Supporting  Modeling 
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Questions t 


Censrally,  what  is  thn  interface  between  the  personnel  responsible  for  planning 
and  conducting  RI  and  the  personnel  who  must  use  to  results  of  the  RI  tc 
perform  -  .^rical  groundwater  model  simulations? 

Are  the  groundwater  modeling  input  requirements  ever  taken  into  account  in 
planning  Rl? 

How  does  a  knowledge  of  the  contaminants,  the  source  and  site  history  affect 
the  RI? 

Which  of  the  geologic,  hydrogeologic,  and  transport  process  parameters 
generally  have  the  greatest  degrees  of  measurement  and  spatial  uncertainties? 

How  do  the  uncertainties  and  unknowns  in  the  hydrogr  ilogic  modal  compare  to 
inaccuracies  and  errors  in  the  numerical  modeling  pir  cess? 

Are  there  parameters  needed  to  support  the  use  of  ne*-!  process  theories  in 
numerical  modeling  that  can  not  now  be  practically  obtained? 

Is  cost  the  greatest,  controlling  factor  in  the  level  of  detail  in  the  final 
hydrogeo logic  model? 

Typically  how  is  the  density  of  field  measurements  derermined? 

Are  there  any  guidelines  for  determining  scale  and  scupe  of  the  RI?  That  is, 
how  is  the  size  of  the  area  which  must  be  characterized  in  the  RI  determined, 
relative  to  the  size  of  the  eite  or  facility  of  inters  :'t? 

How  often  in  practice  is  groundwater  modeling  used  to  p'.an  RI? 

How  often  are  geostatistical  procedures  used  to  develop  a  parameter  uncertainty 
model  for  the  hydrogeologic  parameters? 

Is  there  a  need  for  RI  planning  tools,  such  as  expert  s/stem  programe,  to 
optimize  the  Rl  planning  phase  to  support  subsequent  gro-.ndwater  modeling 
efforts? 

What  are  the  major  problems  in  RI  data  management?  Are  ej.isting  database 
management  systems  adequate  for  the  task? 

Is  QA/QC  of  field  surveys  a  major  problem  in  RI? 
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PANEL  3 :  Model  Use  in  Reaedietioa 

(Role  of  Groundwater  Models  in  Feasibility  Studies  (FS),  and 
Design,  Operation  and  Monitoring  of  Remediation) 


Objectivesi  This  panel  diecussion  will  address  one  of  the  main  reasons  for 
devsloping  a  Army  groundwater  model:  remediation,  that  is,  the  need  to 
integrate  remediation  effects  into  groundwater  flow  and  contaminant  transport 
models.  The  purpose  of  the  panel  is  to  establish  the  need  for  models  in  the 
evaluation  of  remediation  alternatives  in  the  feasibility  study  (FS)  and 
optimization  of  the  design,  operation  and  monitoring  of  the  remediation 
process;  identify  current  models  and  types  of  models  and  methods  being  used  in 
the  evaluation  orocess;  determine  the  frequency  of  model  use  in  the  FS  and 
remediation  prociss;  and  determine  why  models  are  not  used  more  frequently.  In 
addition,  the  panel  should  establish  the  required  level  of  sophistication; 
potential  use,  products  and  impact  of  models;  problems  with  existing  models  and 
their  needed  improvements;  criteria  for  model  selection;  data  requirements  and 
who  will  use  the  model.  The  panel  will  be  broken  into  two  parts— model  use  in 
the  FS  and  model  use  for  optimization  of  the  remediation  including  verification 
of  the  remediation  process  and  the  modal  based  on  monitoring  data. 


Presentations : 

Part  1 

1.  Or.  Gaylen  Brubaker,  Remediation  Technologies,  Inc.  Tutorial  on  types  of 
remediation  alternatives  and  how  a  groundwater  model  could  aid  evaluation  and 
optimize  design  and  operation  of  the  alternatives.  (30  min) 


Part  2 


2.  Dr.  Randall  Rosa,  USEPA-ORD,  RSKEL-Ada,  Oklahoma.  Tutorial  on  role  of 
monitoring  in  modeling  and  remediation  process  along  with  a  case  study. 

(20  min) 

3.  Dr.  .Tames  Warner,  Colorado  State  University.  Case  study  on  modeling  of 
Rocky  Mountain  Arsenal.  (20  min) 

4.  Dr.  C.  y.  Chiang,  Shell  Development  Company.  Case  study  on  modeling  NAPL 
remediation  by  vapor  extraction  or  biodegradation.  (20  min)' 
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£ax£_l 

1.  Moderator.  Dr.  John  Cullinana,  WES.  Environmental  Engineer.  Expertise 
on  all  aspects  of  remediation  and  treatment  systems. 

2.  Mr.  Jack  Cenereaux,  Kansas  City  District.  Geologist.  Reviewer  of 
remediation  schemes  with  emphasis  on  feasibility  based  on  groundwater  flow 
requirements. 

3.  Mr.  Jim  Zeltinger,  Omaha  District.  Geologist.  Reviewer  of  remedial 
alternatives  with  emphasis  on  groundwater  interactions. 

4.  Mr.  Don  Koch,  Engineering  Technical  Associates.  Expertise  in  groundwater 
modeling  for  RI/FS  involving  pump-and-treat  remediation  alternatives. 

5.  Dr.  Gaylen  Brubaker,  Remediation  Technologies,  Inc.  Consulting 
remediation  specialist.  Expertise  in  designing  and  evaluating  remediation 
systems  for  a  wide  range  of  problems  and  in  specifying  groundwater  modeling 
requirements. 

Part  2 

6.  Moderator.  Ms.  Tomiann  McDaniel,  HQUSACE.  Expertise  in  remediation  of 
groundwater  problems. 

7.  Dr.  James  Warner,  Colorado  State  University.  Professor  of  Civil 
Engineering.  Expertise  in  GW  flow  and  transport  modeling. 

6.  Dr.  Randall  Ross,  USEPA-ORO,  RSXEL-Ada.  Hydrogeologist .  Expertise  in 
re.mediation  modeling  at  Superfund  sites. 

9.  Dr.  C.  Y.  Chiang,  Shell  Development  Company.  Environmental  Engineer. 
Expertise  in  modeling  and  remediation  of  petroleum  NAPL. 

10.  Ms.  Carol  McKinney,  Kansas  City  District.  Hydrogeologist.  Expertise  in 
remediation  design. 
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*  PropoBcd  remediation  aiternativee  being  considered 

*  Current  model  use 

—  names  and  type 

—  selection  criteria 

--  frequency  and  objectives  of  uee 

—  reasons  for  non-use 

~  deficiencies  and  needed  improvements 

*  Potential  use 

—  effectiveness  evaluation 

-  feasibility  based  on  flow 

-  feasibility  based  on  transport  and  reaction  kinetics 

-  prediction  of  concentration  as  a  function  of  time 
"  predictions  for  treatability  studies 

--  economics 

—  optimization  of  design  and  operation 

-  flow  for  pump-and-treat  and  containment 

-  transport  of  contaminants  for  pump-and-treat 

-  in  situ  remediation 

-  monitoring 

—  uncertainty  analysis  for  design  and  feasibility 

*  Data  requirements 

—  site  characterization  (remedial  investigation) 

-  contaminant  descriptions 

-  contaminant  concentrations 

-  site  geology  and  geochemistry 
"  process  variables 

-  decay  and  reaction  rates,  etc. 

-  partitioning  coefficients 

--  remedial  design  parameters  and  descriptions 

-  flow  rates 

-  reactant  concentrations  and  dosages 

-  phase  and  component  interactions 

--  monitoring  data  for  optimizing  operation  of  remediation  and 
verifying  the  model 

*  Model  requirements/users 

—  level  of  sophistication 

-  multi-phase? 

-  coupled  unsaturated  and  saturated? 

-  transport  or  flow  only? 

—  in-house  or  contractor 

—  versatility 

—  computer  environment 

—  training 

—  recommendations  for  development 

—  effects  of  regulatory  requirements  and  review 
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Quastioasi 

Pi»rt  1 

What  types  of  remediation  alternatives  are  bein<;  considered  in  feasibility 
studies?  Is  modeling  used  to  determine  their  feasibility?  If  so,  what  type  of 
remediation  alternatives  are  modeled?  what  models  are  used?  how  are  the 
models  selected?  is  only  flow  modeled  or  is  transport  also  modeled?  what  are 
the  products  of  the  modeling?  what  are  the  deficiencies  and  what  improvements 
are  needed? 

What  level  of  sophistication  of  modeling  is  requiritd  to  evaluate  the 
feasibility  of  remediation  alternatives?  to  estimate  time  requirements  and 
concentrations  achieved?  to  predict  costs? 

Why  aren't  models  used  more  often  for  evaluating  feasibility  of  remediation 
alternatives?  Is  data  limiting?  If  so,  what  data?  Are  models  inadequate? 

Are  there  good  descriptions  and  models  for  incorporating  the  effects  of 
remedial  actions  in  models?  Is  it  too  expensive  for  the  results?  Are  models 
unnecessary?  Would  routines  to  optimize  the  effectiveness  of  remedial 
alternatives  be  useful  and  cost  effective? 

Should  models  be  developed  to  optimize  the  remediation  design?  estimate  coats? 
predict  effectiveness  (concentration  as  a  function  of  time  and  location)? 

Is  more  research  required  to  determine  treatability  and  provide  standard 
testing  to  determine  remediation  process  coefficients  and  analytical 
descriptions? 

Is  in  situ  treatment  a  viable  alternative?  Is  it  being  performed  now?  Is 
pump-and-treat  able  to  obtain  acceptable  results  in  a  timely  and  cost- 
effective  manner? 

Is  remediation  of  the  vadose  zone  a  problem?  Is  a  model  needed  to  evaluate  the 
transport  of  contaminants  and  treatment  of  contaminan*' *<  in  the  vadose  zone? 

What  are  the  shortcomings  in  the  current  methods  of  evaluating  ttie  feasibility 
of  remediation  alternatives? 

Who  needs  to  use  a  model  in  a  feasibility  study?  Is  it  done  in-house  or  by 
contractor?  On  what  type  of  computer  should  the  model  run?  Is  training 
required  to  better  understand  remediation  alternatives  and  the  evaluation  of 
their  feasibility? 

Are  models  used  in  feasibility  studies  also  used  to  predict  conditions  for 
treatability  studies,  design  the  remediation  alternative  and  adjust  operating 
conditions  during  the  remediation? 
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Have  models  been  used  to  forecast  remediation  performance?  what  models?  How 
accurate  have  the  predictions  been?  what* are  the  main  sources  of  uncertainty 
in  remediation  design?  and  performance  forecasting?  Which  model  parameters 
need  the  most  re-adjustment,  i.e.,  which  are  least  well  estimated  a  priori  or 
with  laboratory  experiments?  How  is  uncertainty  incorporated  in  the  design 
process  for  optimization  of  tho  remediation  alternative?  How  is  uncertainty 
quantified? 

What  methods  are  available  to  optimize  the  arrangement  of  observation  wells 
(and  pumping  wells)  in  order  to  provide  the  necessary  data  to  minimize 
uncertainties,  maximize  operating  efficiency  of  remediation  process  and  verify 
the  model? 

Have  models  been  used  to  optimize  the  operation  of  an  remediation  system?  How 
can  response  data  provide  a  feedback  to  the  operation?  Are  there  any 
quantitative/ob jectxve  methods  to  incorporate  rapidly  new  field  and  laboratory 
data  in  model  parameter  adjustment?  or  is  this  subjective  art? 

What  field  measurements  are  necessary  and  sufficient  to  reasonably  attribute 
any  contaminant  disappearance  to  a  specific  process,  such  as  dilution, 
sorption,  dispersion,  volatilization,  and  particularly  biotransformation? 

Do  ANY  flow  or  transport  parameters  measured  by  bench  scale  experimentation 
apply  unaltered  to  field  scale  simulation  or  do  field  heterogeneities  preclude 
their  simple  application  in  a  model?  What  is  the  process  of  transferring 
laboratory  results  to  field  performance? 

Are  there  any  circumstances  in  which  the  CW  modeling  state-of-the-use  in  the 
field  approaches  the  possibilities  of  the  state-of-the-art? 
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alleiidcd  the  workshop,  reprcsenliiig  the  Anny  Environmental  Center,  various  Corps  of  Engineers  offices  and 
laboratories,  universities,  consultants,  and  other  Federal  government  agencies. 

Workshop  participants  indicated  considerable  near-past  use  of  groundwater  modeling,  with  a  planned 
definitive  increase  in  modeling  use  over  the  next  5  years.  Modeling  was  considered  one  of  the  best  tools  for 
synthesis  and  analysis  of  the  large  amounts  of  biological,  geochemical,  and  hydrogeologic  data  required  for 
contaminated  site  remediation.  However,  Army  user  experti.se  in  groundwater  modeling  was  deemed  to  be  lagging 
behind  the  .stale  of  science  in  general,  with  a  few  specific  pockets  of  expertise  presented.  Thus,  training,  guidance, 
and  in-Army  technical  support  for  groundwater  modeling  technology  were  reported  as  high-priority  user 
requirements.  (Continued) 
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13.  (Concluded) 

Numerous  research  and  development  needs  were  identified  by  Army  users.  These  needs  fell  into  the 
following  basic  categories:  (a)  improved  use  of  existing  models  through  coupling  to  interfaces,  visualization,  and 
paiameter  estimation  techniques;  (b)  increased  understanding  of  subsurface  contaminant  flow,  transport,  fate,  and 
remediation  processes;  and  (c)  integration  of  optimization  and  simulation  to  allow  efficient  evaluation  of  remedial 
alternatives  for  design  and  operation.  These  rcseatch-reialed  items  are  documented  in  detail  within  the  report. 


